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~ PREFACE. 


THE principal object I have in view in writing this small treatise 
on the Cultivation and Preparation of Para Rubber, is to endeavour 
to give to the continually increasing number of persons taking 
up rubber cultivation such practical advice on the various matters 
connected with that comparatively new industry as would be 
likely to assist them in their undertaking. 

Although the cultivation of Para rubber is at the present time 
almost limited to a few countries in the Eastern Tropics of the 
Old World, there is every prospect of its being further extended 
in those regions, and also of being taken up largely in the 
Western Tropics. 

There are in Tropical Africa thousands of square miles of 
land suitable for the cultivation of the Para rubber tree. Upon 
a large extent of this land rubber-producing plants were at one 
time abundant, but now year by year their number is being 
sradually diminished, as the result of the disastrous methods of 
tapping employed by the native rubber collectors. 

The question of replanting these areas with Para rubber trees 
is well worth the consideration of the administrative authorities, 
and especially those in our various West African possessions. 


In order to supplement the information here given as the 
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result of my own observations in Ceylon and West Africa, I have 
not hesitated to make frequent extracts from the /udta-rubber 
Journal, the Straits Settlements Agricultural Bulletin, and Mr 
Arden’s “ Report on Para Rubber in the Malay Peninsula.” For 
these extracts, | have obtained the kind permission of the 
Editors of the two first-mentioned publications and the Author 


of the latter. 
W. H. JOHNSON. 


ROYAL BOTANIC GARDENS, 
Kew, S.W., September 1904. 
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See Oui SECOND EDITION. 


THE first edition of this work was also the first book dealing 
exclusively with the Cultivation and Preparation of Para Rubber 
published in the English language. Although less than four 
years old, it is out of print, and owing to the rapid development 
of the rubber-planting industry is to a large extent out of date. 

The second edition includes all the latest authentic informa- 
tion, and covers a far larger range of subjects likely to be of 
interest or utility to those in any way connected with the rubber 
industry. 

To better enable this to be effected, all the principal works 
dealing with the subject have been consulted, among them 
being :— 

Seeligmann’s “ Le Caoutchouc et la Gutta Percha oe \Webers 
“Chemistry of India-rubber” ; Journal ad’ Agriculture Tropicale ; 
Obach’s “Cantor Lectures”; Jndia-rubber Journal ; Tropical 
Agriculturist ; Bulletins of the Royal Botanic Gardens, Kew, 
Imperial Institute, Royal Botanic Gardens, Ceylon, Straits 
Settlements and Federated Malay States, Department of Agri- 
culture for the West Indies, Institute of Commercial Research in 
the Tropics, Liverpool; Journal of Botany; Der Tropenpflanzer ; 


Wright’s “ Hevea brasiliensis” ; Aevue des Cultures Coloniales ; 


viii  pREPACE TO THE SECOND ‘EDITION. 
LA griculture pratique des eae i ; Journal of the Royal 
Society of Arts, and: Tropical Life?\*”* © | 

New methods of collecting..and‘ preparing rubber are being 
frequently evolved, ‘and’ in view of the industry’s comparative 
infancy there is every probability that what are to-day recognised 
as up-to-date, or standard, systems, will in a few years be con- 
sidered quite obsolete. 

I wish to register my indebtedness to numerous friends who 
have assisted me in compiling this edition, and to my friend, 


Mr J. H. Holland, for kindly revising the proof sheets, 


W. H. JOHNSON. 


BEIRA, SOUTH-EAST AFRICA, 
December 1908. 
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INTRODUCTORY. 


RUBBER, or caoutchouc, is obtained from the latex, or milky 
juice, present in the tissues of a large variety of plants peculiar 
te tropical and subtropical regions. The word caoutchouc is 
apparently corrupted from the native word caaoché or caaochu, 
derived from caa, meaning wood, and o-ché or o-chu, to run or 
weep—hence, timber that runs or weeps. It is supposed to have 
been first discovered in South America more than four hundred 
years ago. In 1770 Priestly recommended it for erasing lead- 
pencil marks. More than fifty years later, Macintosh estab- 
lished the industry for manufacturing waterproof garments, 
some of which are known by his name to the present day. In 
1836 Thomas Hancock discovered that crude rubber, when cut 
up, pressed, and submitted to heat, could be converted into a 
condition capable of being transferred to practically any shape 
or form. It was not, however, employed extensively in com- 
merce until after 1874, when the method of vulcanising rubber, 
by heating and treating it with sulphur, was discovered. The 
imports of rubber into England at that time amounted to about 
7,500 tons per annum. From then onwards they steadily rose, 
until in 1896 they amounted to nearly 20,000 tons. But the 
extensive use of rubber in the manufacture of cycle, carriage, 
and motor tyres and electrical appliances has of late years 
caused the demand to increase to an enormous extent, and the 
imports of rubber have risen by leaps and bounds. 
A 
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It is estimated that the world’s annual consumption of rubber 
at the present time is about 65,000 tons, valued at about 
419,000,000. The following table illustrates the growth of the 
rubber industry in the United Kingdom since 1830 :— 


RUBBER IMPORTED INTO THE UNITED KINGDOM. 


Year. Quantity. Value. 
Cwts. L 
1830 - - - 460 
1840 - 6,680 
1850 - - 7,620 
1870 - 152,120 it. 
1884 - 198,844 2,272,499* 
1885 180,141 1,981,735 
1886 - 194,748 2,222,156 
1887 3 ; 237,511 2,704,565 
1838 : 220,350 2,555,341 
1889 236,310 2,617,369 
1890 - 264,008 3,265,088 
1891 ae 278,837 3,351,938 
1892 - - 272,163 2,982,412 
1893, Ne ne 2935373 3330;418 
1894 ; ; 302,451 39272,104 
1895 eae 341,553 3,760,178 
1896 ate 431,148 4,991,122 
1897 arek: 396,929 4,553,410 
1898 : : 489,581 6,214,933 
1899 449,651 53923,897 
1900 : : 513,286 6,986,133 
IQO1 : : 466,474 5:830,224 
geeks ‘ 419,375 8,180,262 
1993 a Dip 486,105 6,742,966 
roe ; 496,032 7,698,713 
1905 Bi ee 593,437 9;643,053 
1906 - 607,077 9,996,620 


The trees producing the rubber known in commerce as 
“Para” furnish more than one half of the world’s supply. They 
belong to the genus Hevea; of these Hevea brasiliensis is the 
most important species, which, as its specific name suggests, is 
indigenous to Brazil. 


* Custom House Reports. 
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While the demand for rubber continues to increase, the 
supplies from some sources are steadily decreasing. This is 
especially the case from different parts of Africa, which furnish 
a considerable portion of the world’s supply. The decrease is 
largely owing to the disastrous methods employed by the natives 
in collecting rubber. 

It must, however, be borne in mind that the imports of 
rubber from some other countries have considerably increased 
during recent years, and have more than compensated for the 
failure of other supplies. Of these Brazil, Uruguay, and Peru 
are amongst the most important. The exports of rubber from 
the Amazon valley alone rose from 22,216 tons in 1896-1897, 
to 29,997 tons in IQOI-1902. 

Until quite recent years rubber was obtained solely from 
plants growing wild, but as the demand threatened to exceed 
the supply, attention was drawn to the advisability of meeting 
this demand by cultivating rubber-producing plants on an 
extensive scale. 

It has been objected that the cost of establishing plantations 
of rubber trees would prohibit the rubber produced by them 
competing in the market with that collected by natives from 
wild trees. In regard to this question, the difficulties under 
which the native collector labours must be taken into considera- 
tion. The collection of rubber from wild trees often necessitates 
the undertaking of long and arduous journeys of several weeks’ 
duration, in order to reach a rubber-producing district. It must 
also be borne in mind that the collection of rubber in a mixed 
forest, where rubber trees are comparatively scarce, is far more 
expensive than it would be in a plantation, and requires a 
frequent change of headquarters. 

Again, there is no comparison between the facilities provided 
on a plantation for curing the rubber and those obtainable in 
the forest. If there be added to all these considerations the cost 
of transport the objection becomes untenable. 

The rubber prepared from cultivated trees is generally rated 
at a higher market price than that collected from wild trees in 
consequence of its greater purity. The loss from “fine Para” is 
from 10 to 15 per cent. in manufacture, whereas that from the 
“biscuit” rubber prepared from cultivated Para rubber trees is 
generally less than 1 per cent. 
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The cultivation of rubber trees has already been so success- 
fully accomplished in India, Ceylon, the Malay Peninsula, 
South America, and some other countries, that the attention of 
large numbers of persons interested in tropical planting has been 
directed to the possibility of recuperating their losses, due to the 
over-production of some other products, by planting rubber 
trees. Hevea brasiliensis, the tree producing the Para rubber of 
commerce, has been the one most favoured by planters. 

The successful manner in which the Para rubber tree was 
introduced to our Eastern tropical possessions by the Indian 
Government in 1876, through the agency of the Royal Botanic 
Gardens, Kew, at a cost of over 41,500, is well known, and need 
not be detailed here. 

As the result of this introduction, an important agricultural 
industry has developed in the Malay Peninsula and Ceylon. An 
illustration of one of the parent trees of this industry, now 
growing in the Heneratgoda Botanic Garden, Ceylon, is given 
(Fig. 2). Para rubber has practically ruled the market price of 
rubber since its first introduction tocommerce. But the product 
of the cultivated trees, being more carefully prepared than that . 
from the indigenous trees in Brazil, is often rated at a much 
higher price than the latter. 

It is estimated that there are now about 155,000 acres 
planted with this tree in Ceylon, while in the Malay Peninsula 
there is a still larger area under Para rubber cultivation. The 
small amount of cultural skill required to successfully cultivate 
the Para rubber tree, coupled with the high prices paid for the 
rubber which the cultivated trees produce in comparison with 
that paid for other grades of rubber, has no doubt largely 
influenced planters in selecting the Para tree in preference to 
other rubber-producing plants. 

The following reports illustrate the high prices paid for the 
rubber obtained from cultivated Para rubber trees, as against 
those obtainable for rubber from other sources :— 

44 AND 45 FENCHURCH STREET, 
W. H. Jounson, Eso., Lonpbon, E.C., 112k February 1903. 
ROYAL GARDENS, KEw. 

DEAR Sir,—In reply to yours of the 5th inst., we give you below 
comparison of prices of Ceylon fine rubber and hard cure fine Para 
rubber :— 


[NE RODUCTOR Y. 5 


i thsi Bia. 


Fic. 2.—One of the parents of the Para Rubber Industry in the East, 
growing in the Botanic Garden, Heneratgoda, Ceylon. (vom a 
photograph by the Author.) 
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Date. Ceylon Fine Sold. Ma ee 
July 18, 1902 3s. 7d. 2s. 113d. 
Aug. I, 1902 3s. 6d. 3s. od, 

Aug. 29, 1902 3S. rod. 38. 23d. 
wept..22, 1902 | 2S: 105d: to: 3s. 1ofd. 3s. 34d. 
Oct. 17, 1902 3s. tod. to 3s. ro#¢d. 3s. 24d. 
DEC. 12, 1902 3s. 114d. 3S. 54d. 
Jan. 9, 1903 48. 34d. to 4s. 4d. 38. 103d. to 3s. 11d. 
Jan. 23, 1903 4S. 2d. (to:4S..3d. 3s. odd. 


So far we have only had small lots from Ceylon, which have been 
keenly competed for here. The rubber seems to be much liked. 


We are, dear Sir, 
Yours faithfully, 
Ss. Ficeis & Co. 


Messrs Hecht, Levis, & Kahn to Royal Gardens, Kew. 


36 FENCHURCH STREET, 
Lonbon, E.C., 19¢k December 1902. 


Dear Sir,—We have examined the samples of Para rubber from 
Selangor which you submitted to us. We are, of course, not chemists, 
and can only judge the rubber from its elasticity, strength, and freedom 
from dirt. 

With ordinary hard cure fine Para worth to-day 3s. 8d. per 1b., we 
should estimate the value of your samples as follows :— 


No. I - - - - - - about 4s. 4d. per lb. 
Nos. 2 and 6 - ; - - Ru AS SUA uns ss 
No. 5 - : - - - - oat es Ug gl ae 
No. 4 - - - - - - Ay Ase eh Gaia 5: 
No. 3 - - - - : - aSeOds, we 
No. 7 - - - . - SH ecicrhe oes 


Nos. 3 and 4 are decidedly weaker than the others, and on the whole 
we think the less acid used in coagulation the better. Sample No. 1, 
coagulated without acid at all, is certainly the best of the lot. 


We remain, &c., 


HecutT, Levis, & KAUN, 


8 PARA RUBBER. 


The tables given below show the approximate maximum 
and minimum prices paid for “Fine Para” and cultivated Para 
respectively from the year 1903 up till April 1908 :— 


Year. Fine Para. Cultivated Para. 

Maximum. Minimum. Maximum. Minimum. 

ay ale is). § a0: ed; s. d. 
1903 - 5 : 4 9 3° 4 9 4 !I 
1904 - - - 5 5 3 10 bo 4 6 
BOOS Seo eae ee, 4 9 6 9 5 10 
1906 - : ee 225 6 3 5) 5 
LOO eo ocr eas aes) ees 5 9 Se 
1908 (April)t - ee 2 9 2.50 eng 


* Kew Bulletin, No. 7, 1906. 
t+ Indta-rubber Journal, 20th April 1908. 
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THE WORLD'S PRODUCTION AND CONSUMPTION 
OF RUBBER. 


ONE of the first considerations of the prospective rubber 
planter should be the probability of his obtaining a lucrative 
market for his crop when his trees arrive at maturity. In 
order to assist him to solve this important problem, let us 
investigate the conditions affecting those predominating factors 
of the rubber trade—supply and demand. 

The world’s production of rubber during the year 1907 is 
estimated at 69,000 tons. Messrs S. Figgis & Co., the well- 
known rubber brokers, significantly point out, in their annual 
review of the rubber market for that year, that the con- 
sumption was probably 3,000 tons less than the supply, or 
about equivalent to that of the year 1906. 

The stock of rubber on hand at Liverpool in January 1908 
was 2,300 tons, which was the largest surplus for the previous 
twelve years. 

The world’s annual consumption of rubber for the period 
July 1899 to January 1908 is estimated as follows :— 


Year. Tons. | Increase. | Decrease. 
Per Cents») (Per Cent? 
July 1899 to June 1900 - - 48,352 i te 
ee OOON 5s 1gOI - - 51,136 5.8 
ett ne 1902 - - 51,170 O.1 
” 1go2 ” 1903 - . 55,276 8.0 
PERLUO SS i ee LOOE =) oy 59,666 7-9 
9 1904 ” 1905 - sd 65,083 9.1 ras 
55 1905 9 1906 - - 62,574 x44 3.9 
1000 - - - - 66,000 ae ens 
“waa tel “ - - - 66,000 


July 1899 to June 1906 compiled from figures supplied by Messrs 
Hecht, Levis, & Kahn. 

January 1906 to December 1907, Messrs S. Figgis & Co.’s annual 
review of the rubber trade for 1907, 
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The American financial crisis is suggested as a cause of 
the non-increase of consumption during 1907, when many 
rubber factories in that country closed down. 

With regard to the anticipated consumption of rubber in 
1908, Messrs S. Figgis & Co., loc. czz., state: “ We do not expect 
much increase of consumption in 1908 in the present state 
of trade and the over-production of motors everywhere this 
season.” Assuming the above figures to be correct, it will 
be seen that the rate of annual increase of consumption during 
recent years has been less than 5 per cent. 

The total quantity of cultivated rubber exported from the 
East in 1907 was 1,010 tons. The total world’s production 
of cultivated rubber for that year was probably less than 2,000 
tons, so that the various sources of wild rubber more than met 
the demand, and this state of affairs has obtained since the 
establishment of the rubber industry. 


WILD RUBBER. 


Of the.world’s total production of rubber, tropical America 
contributes 63 per cent., tropical Africa 34 per cent. and 
Asia 3 per cent. } 

The principal source of wild rubber is Brazil, which, during 
the year 1905, exported 31,474 tons, 38,000 tons in 1906, and 
41,500 in 1907, or over 60 per cent. of the total world’s supply. 
This amount was mainly derived from wild Hevea trees, which, 
as will be shown later, are not readily destroyed by tapping. 
The Heveas in the Amazon valley have been continuously 
exploited for more than half a century. 

Spruce writes in Hooker’s /ournal of Botany, vol. vii., 
1855, pp. 193-196: “ When I ascended the Rio Negro in 1851, 
I pointed out to the inhabitants the abundance of Seringa trees 
they possessed in their forests, and tried to induce them to 
set about extracting the gum; but they shook their heads, 
and said it would never answer. At length the demand for 
india-rubber, especially from the United States, began to exceed 
the supply ; the price consequently rose rapidly, until early in 
1854 it reached the extravagant sum of 38 milreis the arroba 
(2s. gd. per Ib.). This woke up the people from their apathy, 
and the impulse once given, extended so rapidly and widely 
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that, nearly throughout the Amazon and its principal tributaries, 
the mass of the population put itself into motion to search out 
and fabricate Seringa. In the province of Para alone (which 
now includes a very small portion of the Amazon) it was 
computed that 25,000 persons were employed in that branch 
of industry in the year 1854.” 

Ten years ago the export of rubber from Para amounted 
to 22,544 tons. During the last four years the exports of rubber 
from the Amazon are estimated by Messrs Fig¢gis, doc. cit, as 
30,385 tons in 1904, 34,420 tons in 1905, 34,520 tons in 1906, 
and 37,520 in 1907. These figures do not suggest any re- 
duction of supplies from the Amazonian region in the near 
future; indeed it is the opinion of persons well acquainted 
with the Amazonian rubber trade that still greater quantities 
could be collected. 

With regard to the principal source of Central American 
rubber, a recently published consular report states: “The 
tropical forests of the coast provinces of Ecuador are the native 
habitat of the rubber tree, Castz/loa elastica, and the exportation 
of the rubber derived therefrom has been now going on for 
upwards of half a century.” Although this report mentions 
the “wanton destruction of the trees,’ it quotes the under- 
mentioned figures as the exports of rubber from Ecuador 
for the years 1897 to 1905 :— 


Year. Tons. Wear. Tons. 
1897 - - - 496 Ig02 - - ap besten 
1898 - - 700 1903 - - - 486 
BeOON tale th 99) O44. LOGAN ey) fag ie is) Te 
2GOO) = : a 495 1995. > sAmOTe 
LOOT oo : Peay 


The Mexican rubber shrub (Parthentum argentatum, 
A. Gray) has contributed considerable quantities of rubber 
to the United States market during recent years. In 1907 the 
exports of this rubber, which is known in the trade as Guayule 
rubber, amounted to about 3,000 tons. It would appear, 
however, that this source of supply is short lived, for the 
United States Consul in Mexico City has recently reported 
that, at the present rate of consumption, there is only sufficient 
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material for the large factories for five years and the smaller 
ones for three years. 

The exports of Ceara or Manicoba rubber, another important 
South American product, are reported to be increasing. Until 
the last two or three years it was generally supposed that 
Manthot Glaztoviz, Muell. Arg., furnished this product, but it 
now transpires that at least three other species of Manihot 
contribute. Ule* has decided to distinguish the new species 
as MW. heptaphylla, M. piauhyensts, and M. adichotoma; he 
estimates that the present annual yield of rubber from these 
three species is 500 tons, 600 tons, and 400 to 500 tons 
respectively. 

African rubber is principally obtained from the west coast and 
the Congo, which furnished 18,000 tons in 1904, 17,500 tons in 
1905, 17,200 tons in 1906, and 17,000 tons in 1907. Here we 
find a falling off of 1,000 tons in four years, or an annual decrease 
of 8 per cent. 

The most important rubber-yielding plants in these regions 
are Funtumza elastica, Stapf, which is a large forest tree, and 
various creepers belonging to the Natural Order Apocynacez. 

Four years ago I was able to point out+ that the imports of 
rubber into the United Kingdom from the British West African 
colonies, Gambia, Sierra Leone, Gold Coast, and Southern 
Nigeria, decreased from 4,715 tons in 1898 to 924 tons in 1902, 
and that this was largely due to the extirpation of rubber-pro- 
ducing plants by the drastic tapping methods in vogue. 

The imports of rubber into the United Kingdom from these 
four colonies in 1906 were 2,461 tons, a decrease of nearly 50 
per cent. in nine years. 

So far as the Congo State is concerned, it would appear that 
energetic efforts are being made to replace any plants destroyed 
by ruthless tapping. Regulations now in force stipulate that fifty 
rubber plants should be planted for every 100 kilos. of rubber 
extracted. H.B.M. Consul reports: “The rubber plantations 
in the Congo State now contain over ten million plants ; of these 
nine-tenths are vines and the remainder trees, of which the oldest 


* “ Der Tropenpflanzer,” Dec. 1907. 
+ Reports on rubber in the Gold Coast and Sierra Leone, Colonial 
Reports, Miscellaneous, 1904. 
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plants are ten years old, and experiments have shown that the 
trees and vines are still too young to bleed. The possibilities of 
extending the plantations are illimitable, and planting continues 
each year in accordance with laws regulating this industry. In 
this district, at any rate, there is not likely to be any great 
fall in production for some time to come.” 

The reports of rubber from the Congo State only decreased 
from 6,470 tons in 1903 to 6,309 tons in 1906. Those from 
Loanda fell from 950 tons in 1904 to 900 tons in 1907, while 
those from Benguela and Mossamedes rose during the same 
period from 1,600 to 1,700 tons. 

The French colonies in West Africa increased their exports 
of rubber from 1,172 tons in 1895 to 3,918 tons in 1904, and the 
German colony of Togoland raised hers from 63.7 tons in 1901 
Foi 15.2-tOns in. 1905. 

That the rubber trade on the east coast of Africa is increas- 
ing will be evident by the exports from the principal producing 
countries given below :— 


British 
Year. | Zanzibar. | Uganda. free Des tea Beira. | Total. 
rica. 
Tons. Tons. Tons. Tons. Tons. Tons. Tons. 
IgOI 98.1 te 20.5 6.4 189 83.0 297.0 
(approx. ) 
EQO2 | 136.2 30.6 airs Coe ekOr Ores 425.6 
(approx. ) 
bOO%) 3130.0 20.5 sas 2.0 594 61.0 841.4 
1904 | 132.5 Dane 81.6 7-9 865 90.5 | 1,200.7 


1905 60.1 45.2 64.3 re 904 ye Mere eshte, 


Returns are not available from all the centres of production 
for a complete review to be furnished, but the preceding statistics 
sufficiently indicate that there is not likely to be any serious fall 
in the output of wild rubber in the near future. African sources 
of supply will certainly show signs of exhaustion before those in 
tropical America, as they principally consist of widely scattered 
vines and herbaceous plants, the extraction of rubber from which 
is exceedingly difficult to supervise and control. 

To-day rubber is, however, being collected by far more 
scientific methods than those originally in vogue, and Admini- 
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strators and Concessionaires better appreciate the necessity of 
checking injurious methods of rubber extraction. 

The discovery of new rubber-producing plants is not beyond 
the bounds of possibility. Recently a small tuberous Asclepiad 
(Raphionacme utilis, Brown and Stapf), has been found abundantly 
in Benguela. Tubers examined by the writer proved to be rich 
in latex from which some excellent samples of rubber were 
obtained. According to “Der Tropenpflanzer,’ of December 
1907, a new rubber tree has been still more recently discovered 
in Tonkin which yields latex containing a high percentage of 
caoutchouc; this latter, when well prepared, compares favourably 
with Para rubber. The new rubber tree grows from 30 to 45 
feet high; it has been identified as a new species of Bleekrodea, 
a genus of the Natural Order Urticacez, and has been described 
as Bleekrodea tonkinensis, Dub. and Eberh. 


CULTIVATED RUBBER. 


As soon as the vast areas planted with rubber-producing 
plants during the last few years come into bearing the supply of 
rubber will be considerably augmented. Messrs Ferguson, the 
well-known compilers of tropical planting statistics, estimated at 
the beginning of the year the world’s cultivated rubber area to 


be as follows :— 
Acres planted. 


Ceylon - - : : = ¢ : - 155,000 
Malay Peninsula - . - - - - 150,000 
Mexico - - - - - : - - 95,000 
Africa - - - - - - - 30,000 
Java - - . . ; - - - 20,000 
India and Burmah - - - - - - 15,000 
Sumatra - - - - = : - 14,000 
Central America - - : : - - 14,000 
Brazil. - - - - . - - : 6,000 
Borneo - - - - - - - : 4,000 
Venezuela - - - - : - : 3,400 
Ecuador - - - - : : : 3,000 
Columbia - : - - - - : 1,800 
West Indies. - . - - - - - 1,600 
New Guinea - : - - - : . 1,000 
South Sea Islands and other countries = - : 2,000 


Total, 515,800* 


“ Supplement to the 7vofical A griculturist, Jan. 1908, p. 87. 
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Without taking into consideration the additional areas planted 
since this compilation was prepared, let us endeavour to estimate 
the yield from, say, 500,000 acres. A very large portion of this 
has been planted with Para trees which, as will be shown later, 
yield about $ to 1 lb. of dry rubber per tree when five or six 
years old, and this may increase till as much as 25 lbs. per tree 
is produced in one year from old trees. The latter is an 
exceptionally large return, and must not be taken into con- 
sideration for the purposes of the present estimate. The yield 
from areas not planted with Hevea trees will probably not be so 
large. Rubber trees are planted at distances varying from 10 to 
40 feet apart. Many trees have already been tapped for several 
years, and considerable numbers will reach the productive stage 
in a year or two, while it is estimated that the whole half million 
acres should be in bearing by the year 1913. But let us take 
very conservative figures and assume that we have half a million 
acres planted with rubber-producing trees, planted at 20 by 20 
feet apart, or 109 trees to the acre, that the average yield per tree 
will be in six years’ time, z.2., 1913, I lb. of rubber per tree, and 
that the average yield per tree will only increase by 4 oz. 
annually for ten years. Calculated on this basis the world’s 
production of cultivated rubber from our half million acres will 
be as follows :— 


£ PAR eid Se Vield of Culti- | Average | 
le ei Rubber snare Moe vated Rubber. wees 
Tons. Lbs. Tons. Lbs. 
1913 24,300 1.0 1918 54,5743 2.25 
1914 30,413 1.25 1919 60,825 255 | 
1915 36,495 1.5 1920 66,908 2.75 | 
1916 42,578 1.75 1921 72,990 sHoys a 
IQI7 48,660 2.0 1922 70,073 3.25 | 


Far higher returns than those given above have been 
prophesied. Ferguson* considers that 31,000 tons of rubber will 
be produced in the East from 320,000 acres during the year 1913, 
and estimates the following probable exports of rubber from 
Asia in tons :— 


* Supplement, 7vopical Agriculturist, p. 66, Sept. 1907. 
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1906 | 1907 | 1908 | I909 | I910_ I9gII IQI2 | 1913 
Ceylon - I50| 230| 350| 650|1,400| 3,100| 6,000 | 13,000 | 
Malay } fefe) 800 | 1,100] 1,500| 2,500) 6,000 900 | 12,000 | 
Peninsula 5 ? 5 9500 9, 9; ; ) 
Java, 
Borneo, 380} 400} 550] 750 1,000 2,500] 4,000} 6,000 
India, &c. | 
1,030 | 1,430 | 2,000 | 2,900 | 4,900 11,600 |19,000 | 31,000 


Now let us consider what will be the position of the rubber 
market in 1913 and four following years. Assuming that the 
supplies of wild rubber will be maintained at a figure equal to 
that which obtained in 1907, viz., 67,000 tons, that our estimated 
yield of cultivated rubber be correct, and the annual rate of 
increase of consumption be 5 per cent., we get the following :— 


Estimated Supply ; 
Year. of Wild and Culti- | ,tstimated 
vAtedaRubber: onsumption. | 
‘Tons. Tons. 
1913 91,330 84,235 
1914 97,413 88,446 
1915 103,495 92,869 
1916 109,578 97,512 
IQI7 115,660 102,388 


It will thus be seen that notwithstanding our extremely 
moderate estimate of yield of cultivated rubber in 1913, the 
estimated supply is more than 7,000 tons in excess of the 
estimated demand. Actually this excess is greater, for the wild 
rubber, which has practically supplied the market up to date, 
contains from 15 to 20 per cent. more impurities than Para 
plantation rubber; or in other words, 20,000 tons of cultivated 
rubber are equivalent to about 23,530 tons of wild rubber. 
Unless consumption increases at a greater rate than that which 
has obtained during recent years, a keen struggle between 
producers of wild and cultivated rubber is evidently imminent, 
and a fall in prices will be the inevitable result. It is argued by 
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many that the latter contingency would materially benefit the 
rubber industry, as rubber could then be largely employed in the 
manufacture of numerous articles for which its present high 
price renders its use prohibitive. Floor-tiling and paving are 
two striking examples of the uses for which rubber may be 
extensively employed in the future. It has been repeatedly 
demonstrated that for these purposes rubber is far more durable 
than wood, stone, or asphalt. With reference to a paper * read 
before the Royal Society of Arts, Mr W. R. Broadbent wrote :+— 


“The authors of the above paper state on page 379 of the Journal 
that only steel-covered roads would stand the wear of the new studded 
tyre with projecting steel studs. I wish to point out that a road com- 
posed of rubber blocks or some form of gutta-percha would stand the 
wear for a considerable time, but, as Mr P. J. Thomas remarks in the 
discussion, it is mostly a matter of £ s.d. If it were not so, I should 
consider that for town use, in place of the present wooden blocks, some 
kind of rubber, gutta-percha, or substitute in the form of blocks or thick 
sheets, would solve the problem of road covering, rubber being 
noiseless, waterproof, pliable, and cleanly ; also having rubber to rubber 
in the case of motor cars. The question, of course, of the first cost of 
such an undertaking makes it utterly out of the question.” 


Many planters affirm that under existing conditions they can 
bring rubber trees to the producing stage for from 430 to £35 
per acre, and place the rubber on the market for from Is. to 
ts. 6d. per Ib. 

In 1907 the accounts of one rubber-planting company 
operating in the Federated Malay States showed that the cost of 
delivering rubber in Colombo amounted to about 2s. per Ib. 
Doubts have been expressed in regard to the possibility of the 
rubber planter’s keenest rival in the Amazon being able to 
compete with him in the event of a serious permanent fall in 
price, in view of the high cost of collection and heavy export 
dues obtaining in that country. It is, however, only reasonable 
to suppose that the Brazilian Government would prefer to reduce 
their export duties rather than damn their rubber industry. 
Long established institutions, such as the Brazilian rubber 
industry, die hard, and although a permanent fall in price would 


* Journal of the Royal Society of Arts, No. 2884, vol. lvi. 
+ Ibid., No. 2885, vol. lvi. 
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undoubtedly diminish the output there would still be a keen 
competition between wild Brazilian and cultivated rubber for 
many years. The inferior grades of rubber, such as many of 
those received from Africa, would possibly be the first to feel the 
struggle. Those persons acquainted with the small cost at which 
many of these are obtained locally, and with the endeavours now 
being made to improve their quality by adopting better methods 
of collection and preparation, will appreciate the difficulty which 
the rubber planter will be likely to experience in substituting his 
products for these grades. Vice-Consul Armstrong has shown, 
in regard to the cost of collecting Congo rubber, that in one 
district the natives are paid only 50 cents. (5d.) per kilo, 
administration expenses being estimated to increase this cost 
to 1 franc per kilo., while he considers that transport expenses 
cannot be more than 2 francs per kilo.—a total cost of 3 francs 
per kilo, or about Is. 2d. per lb. Rubber from Landolphia 
Kirkiz, the commonest rubber-bearing liana in East Africa, 
which often realises prices only 1d. to 2d. per Ib. less than fine 
Para, can be collected in East Africa under equally favourable 
conditions. 

Some manufacturers still view cultivated rubber with sus- 
picion. Those who have erected expensive plant for the express 
purpose of purifying the lower grades of rubber will obviously 
not be anxious to purchase washed plantation rubber. Many of 
the processes now in vogue for dealing with wild rubber have 
only been elaborated after a large number of years of careful 
experimenting, and it is not surprising that the new forms of 
rubber are looked at with a certain amount of disfavour by 
manufacturers. 

Before closing this chapter a few words are necessary con- 
cerning three most important factors likely to affect the rubber 
industry, viz., shortage and increased cost of labour, epidemics, 
and the discovery of artificial or synthetic rubber. 


LABOUR. 


The labour problem is already commencing to cause anxiety 
to rubber planters inthe East. The report of the Ceylon Planters’ 
Association for the year 1907 states in regard to rubber: “The 
growth of the trees is good, and the estates are generally in 
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satisfactory order, though in some localities scarcity of labour 
has caused weeding of new clearings to be both difficult and 
expensive.” In Malaya, this question is, however, more serious. 
Enormous planting schemes have been started within the last 
few years which are dependent to a very great extent on inden- 
tured labour for development. The Director of Agriculture for 
the Federated Malay States in his annual report for 1906 gave 
the number of labourers employed on estates at nearly 40,000, of 
whom about 30,000 were Tamils, and estimated that when the 
thirteen million trees then planted come into bearing in five 
years’ time, 50,000 coolies will be required for tapping operations. 

Rates of wages have consequently increased, with the natural 
result, an enhanced cost in the production of rubber. 

If labour be scarce in the planting districts now that only 
about two million trees are in bearing, what will be the condition 
of affairs six years hence, when it is estimated that over fifty 
million trees will have reached the productive stage? Tamil 
labourers engaged in South India are largely employed both 
in Ceylon and in Malaya, and it is.a significant fact that several 
estates in South India have recently increased their rate of pay 
for Tamil labour. 

The bulk of the cultivated rubber areas are sufficiently 
distant from the most important centres of wild rubber produc- 
tion for any shortage of labour, caused by the development of 
the cultivated rubber industry, to injuriously affect the collection 
of wild rubber. 


EPIDEMICS. 


The cultivation of large areas with a single species of plant 
is always a dangerous policy in view of the difficulty of checking 
the diffusion of diseases. Notwithstanding the comparative 
immunity from diseases which cultivated Para rubber plants 
have so far experienced, the fact must not be lost sight of that 
the constant stripping of the bark of the trees, which modern 
methods of tapping involve, and the constant weakening of the 
trees renders them more susceptible to both insect and fungus 
attacks. Where rubber plants exist in the wild state intermingled 
with a vast variety of different orders, genera, and species of 
plants, their isolation prevents the spread of noxious diseases toa 
very large extent. 
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ARTIFICIAL OR SYNTHETIC RUBBER. 


The possible profitable production of synthetic rubber has 
now been an incubus to the rubber producer for over sixty years, 
and appears to be as far off materialisation as ever it was. The 
records at the Patent Office show that more than three hundred 
inventions of rubber substitutes have been filed. Tilden’s 
reported manufacture of synthetic rubber in 1882 from isoprene 
has since been questioned by Harries, who has shown that the 
constitution of rubber renders -its manufacture from isoprene 
improbable. Isoprene may be separated from the oil of turpen- 
tine and also from colza, castor, and linseed oils. Isoprene is 
colourless, but if it be exposed to the light for several months its 
consistency changes to a syrupy nature in which yellow matter 
resembling rubber may be observed. This has been determined 
by certain scientists to be synthetic rubber. Rubber substitutes 
have for years been manufactured from the seeds of poppy, rape, 
castor, and flax, for the express purpose of mixing with crude 
rubber in the manufacture of various rubber goods, and new 
substances suitable for that purpose are being constantly 
discovered. These form the bases of the majority of the so- 
called synthetic rubber discoveries, but which are in reality 
rubber substitutes mixed with crude rubber. 

Rubber consists of very complicated compounds of proteins, 
resins, and caoutchouc, the exact chemical composition of which 
is not yet thoroughly understood by chemists ; it is consequently 
improbable that synthetic rubber will be commercially manufac- 
tured until these problems have been more satisfactorily solved. 
Chemists who have devoted considerable attention to the study 
of rubber still speak dubiously of the probability of the profit- 
able manufacture of synthetic rubber on a large commercial 
scale. 

Synthetic rubber, to compete favourably with Para rubber, 
must possess not only all its chemical constituents but, in 
addition, all the valuable physical properties for which Para 
rubber is so much esteemed. 


Ea ho LT 


THE PARA RUBBER TREE AT HOME AND ABROAD. 


THE Para rubber tree (Hevea brasiliensis) is indigenous to the 
forests of the Amazon valley and neighbouring districts, where 
it is said to grow to a height of about 60 feet, with a trunk 
of some 6 feet in circumference. The leaves of the tree are 
trifid, the leaflets elliptical lanceolate. The flowers are uni- 
sexual, small, green, and sweetly scented, produced in panicles, 
the female flowers being larger than the male flowers and fre- 
quently terminal. The fruit consists of a capsule, divided into 
three divisions, one seed in each division. The fruits burst 
spontaneously when ripe, and the seeds are often dispersed as 
fat as 50 or 60 feet from the tree. The seeds are about an 
inch long, flat on one side and round on the other, with a shiny 
brown testa mottled with darker blotches. The kernel of the 
seed is very oleaginous, and could be remuneratively employed 
for oil manufacture, the oil which it produces being very similar 
to linseed oil. (See Chapter XV.) 

In order to judge of the climatic requirements for the suc- 
cessful cultivation of this tree, it will be advisable to review the 
conditions obtaining in its native habitat, and in some of the 
countries where it has been introduced and successfully cultivated. 

The province of Para, from which the product of this tree 
derives its name, is situated south latitude 1°. It is reputed to 
enjoy a remarkably uniform climate with a mean temperature of 
81° Fahr., a very moist atmosphere, and an annual rainfall varying 
between 60 and go inches. 

In Ceylon the Para tree has been successfully cultivated 
since its first introduction more than a quarter of a century ago. 
I have seen it growing vigorously in Ceylon at all elevations up 
to 3,000 feet, and where the rainfall varied from 70 to 150 inches 
per annum. Mr Stanley Arden, Ex-Superintendent, Experi- 
mental Plantations, Federated Malay States, reports: “ /fevea 


22 PARA RUBBER. 


brasiliensts is admirably suited to the conditions obtaining in 
the Malay Peninsula and adjoining islands, and its cultivation 
here is a comparatively easy matter. From reports to hand, it 
would appear that this tree naturally affects swampy places, but 
here it thrives in any locality at low elevations, and on almost 
any kind of soil.” 

Except near the mountains, the rainfall in this country is 
about 90 inches per annum, and there is no well marked dry 
season. The general mean temperature is about 80° Fahr. 

In the Gold Coast, West Africa, this tree, grown in experi- 
mental plots in the Botanic Garden, Aburi, which is situate 1,500 
feet above sea-level, and where the average mean temperature 
is about 81.5° Fahr. and the annual average rainfall 47 inches, 
promises better results than any other rubber-producing plant, 
indigenous or exotic. It is likewise favourably reported upon 
in India, Jamaica, Dominica, St Vincent, Grenada, Trinidad, 
Zanzibar, Uganda Protectorate, Borneo, Java, and Mozambique. 

The manner in which this tree has adapted itself to the 
various climatic conditions obtaining in the different countries 
above mentioned is almost unique in tropical cultivation. 

The tree grows rapidly under cultivation. 

Trees on an estate in Selangor grew to a height of over 
30 feet with a girth of 19 inches in four years.* 

The original trees, planted at Heneratgoda eon in 
1876, were about 30 feet high and 14 inches in girth two years 
later.t In 1882 the largest tree was 50 feet high, and 25 inches in 
girth at a yard from the ground. The girth of this largest tree 
was taken annually after this, with the following results :— 

“Tt was 30 inches in 1883, 36 in 1884, 43 in 1885, 49 in 1886, 
53% in 1887, 60 in 1888, 65 in 1889, 69? in 1890, 73 in 1891, and 
794 in 1893.” 

Mr Derry, Superintendent, Government Plantations, Perak, 
writes that an eighteen-year-old tree growing at Kuala, Kangsar, 
has a girth of 8 feet 6 inches at 3 feet from the ground. 

Trees planted on moist land in the Congo grew 16 feet high 
in two years. 

Ten trees planted in Cachar, North-East India, amongst tea 


* Agricultural Bulletin of the Stratts ana Federated Malay States, 
June 1902. 


+ Circular, Royal Botanic Gardens, Ceylon, Jan. 1898. 
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Fic. 3.—Para rubber trees planted in the Tarkwa Botanic Station, Gold Coast, 
West Africa, in June 1904. (Photographed by Author in December 1905.) 
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in the year 1897, were tapped during the season December to 
March 1906-7 and yielded Io lbs. of rubber.* 

A Para tree in Uganda had produced a trunk with a girth of 
123 inches at 4 feet from the ground, and had grown 273 feet 
high when four and a half years of age. Some 200 trees in the 
same country have grown 17 feet high in two and a quarter 
years. The Acting Director of Agriculture in the Gold Coast 
estimated that the Para trees planted in the Aburi Botanic 
Gardens in that colony in the year 1900 would be ready for 
tapping during 1907.+ 

Measurements taken of trees in the Tarkwa Botanic Station, 
Gold Coast, in December 1906, are given below :— 


| : | 
| : Hache. Girth at 3 ft. from | 
) 3 Distance 8 the Ground. | 
Plot No. Date of BRR, | oh ene“ ne aera ce en akc ae eae | 
Planting. Noart | . 
oaths Dec. 1905.| Dec. 1906.| Dec. 1905.| Dec. 1906. 
| Feet. Feet. Feet. | Inches. Inches. 
I, | June 1904 Ee Oars 20 FOOT Ly 12 
| 1g . ~ Lox 16 2c 6 IO 
Welt) sjuly ,, I5 X15 14 24S eG IO 
we - 20 X 20 14 25 6 II 
eel cs, ~ 30.5930 12 ae 4 9 
eet 5s %9 40 X 40 12 27 4 9 
VII. a3 be T2112 12 26 4 9 
VIII Ls pte) Pox 12 12 27 4 10 
Sept. 1904 |f 


An illustration of eighteen-month-old trees, growing in this 
station, is given (Fig. 3). 

The Director of Agriculture for the Federated Malay States 
quotes the average growth in that country as 3 to 9 inches girth 
in two years, 10 to 30 inches girth in four to six years, and 
30 to 60 inches in seven to ten years. Planters conversant with 
both Ceylon and Malaya affirm that in the latter country trees 
arrive at the productive stage at least one year earlier than in 
Ceylon; this more rapid growth is attributed to the virgin soil 
on most of the estates and not to any climatic advantage. 


* Agricultural Journal, India, July 1907. 
+ Annual Report, Botanical and Agricultural Department, Gold Coast, 
1906. 


CHAPTER. «ty, 
PROPAGATION. 


THE tree may be propagated either by seeds or cuttings, but 
the former is the more expeditious method. Great care should 
be exercised in selecting the seeds, as they rapidly lose their 
vitality ; it is therefore advisable to sow them as soon as possible 
after they have ripened. A fairly large proportion will, however, 
survive a long journey. From 500 seeds supplied by a Ceylon 
seedsman to the Gold Coast Botanical Department in November 
1900, 200 plants were raised. These seeds were packed with 
powdered charcoal in tins, and were over two months in transit. 

An experiment was carried out by the Gold Coast Botanical 
Department, with a view to ascertain the better method for 
packing seeds sent from the Orient to West Africa, viz., packed 
with moist soil in Wardian cases or with charcoal and sawdust 
in ordinary boxes: 20,000 seeds packed by the first-mentioned 
method at the Royal Botanic Gardens, Ceylon, arrived at the 
Tarkwa Botanic Station, Gold Coast, in November 1903, and 
from these, 3,400 plants have been raised; while from 30,000 
seeds packed with charcoal and sawdust in ordinary cases, sent 
at the same time, 3,650 plants have been raised. 

The Wardian cases were, however, opened and their contents 
watered upon their arrival at Liverpool, and then again closed 
up and forwarded. Although the percentage of seeds which 
survived the journey in Wardian cases was higher than that of 
those in the boxes, it by no means compensated for the extra 
expenses incurred, as about 3,000 seeds were packed in each 
Wardian case, and 10,000 in each box. A Wardian case costs 
41, as against two or three shillings for an ordinary packing 
case. Ninety-five per cent. of some seeds germinated which had 
been sent from Ceylon through the post in canvas bags to the 
Royal Botanic Gardens, Kew. 

Mr J. C. Harvey, writing from Mexico to the editor of the 
Straits Settlements Agricultural Bulletin, states: “You will 
perhaps be interested to know that of the twenty seeds of Hevea 
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brasiliensis you so kindly sent me, I have now fourteen thrifty 
plants a foot high. I feel very proud of them. The matter is 
worthy of record, as undoubtedly they are the first plants ever 
raised in Mexico.” 

These seeds left Singapore on the 12th February 1903, and 


arrived in Mexico on 3rd May 1903, and were therefore about 
three months in transit. 


SEED SELECTION. 

Too great care cannot be taken in selecting good seed, for 
the whole life of the plant depends upon the seed. Its selection 
for rubber planting is of far greater importance than in the case 
of annual crops, where the sowing of poor seed in any one season 
may generally be remedied the following year. With rubber a 
good many years must-elapse before the results are visible. 

Endeavour to select seeds from healthy, prolific trees, especi- 
ally those with a naturally sturdy trunk and many branched 
crown, as these invariably afford the best tapping areas and are 
less liable to be broken by wind. A well-developed trunk is of 
primary importance. It is the most accessible portion of the tree 
for tapping, so that the greater area of bark available in this 
region the better. 

The yield of rubber from different trees growing under 
similar conditions in the same plantation varies to an enormous 
extent. Vernet conducted experiments with a view to compare 
the yield of different trees and to determine the percentage of 
caoutchouc in the latex obtained from them. He published the 
following results :—* 


Volume of Percentage of eeu 
No. of Tree. Latex Caoutchouc ry Iwubber 
Obtained. in the Latex. per Lree: 
C.C. Grs. 

ae et | 39-74 As 371 
sete 15 30.16 4,524 
a cae! 39-41 10,998 
13 16 31.20 4,492 
ey a 32-17 1,286 
15 12, 29.23 3,570 
18 48 29.51 14,164 


* Journal @d Agriculture Tropicale, July 1907. 
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Large heavy seeds invariably give better results than small 
light ones. 

When purchasing seeds obtain them from growers who make 
a practice of seed selection, and adopt scientific methods of 
cultivation and disease prevention, as such seed must necessarily 
prove more satisfactory than that from careless growers. Seed 
which has to travel long distances should be packed with dry 
material and preferably with powdered charcoal. The seed and 
packing material should be placed in layers with sheets of stout 
paper*or some similar substance between each layer to prevent 
the powdered charcoal, or whatever is used in its stead, working 
out from between the seeds in transit. 


SEED SOWING. 


The seeds may either be raised in seed beds, singly in bamboo 
pots, or directly in the situations it is intended the trees shall 
occupy in the plantation. 

When seeds are scarce, sowing them in bamboo pots or 
baskets is perhaps most satisfactory, for by this method the roots 
of the plants are not as much disturbed when they are transferred 
to the plantation as is the case when they are lifted from 
nursery beds. While, if seeds be sown out direct in the planta- 
tion, and a spell of dry weather follows, a large number will fail 
to germinate. When large numbers of plants are to be raised, 
it is advisable to select a well-sheltered spot possessing a rich, 
light, friable soil and near the site for the plantation. On this 
temporary nursery shelters should be constructed by fixing stout 
upright posts about 8 feet high, in lines 10 feet apart each way, 
and then on these cross bars, the whole sufficiently strong 
to support a thin layer of palm leaves, split bamboos, or some 
similar material. Under this the bamboo pots or baskets should 
be placed. If it be decided to sow the seeds in beds, these should 
be made 8 feet wide, ze. one bed between each row of posts, 
and allow the intervening spaces to serve as paths in order to 
facilitate the work of watering and weeding the beds. It will be 
found that under such a shelter the work of watering will be 
considerably lessened, and when germination takes place the 
young seedlings will be protected from heavy rains and scorching 
sun, The beds should be thoroughly dug up to a depth of about 
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12 inches. The distance apart to sow the seeds in the beds 
must depend upon the quality of the seed and the length of time 
the plants have to remain in the nurseries. 

It is safe to transplant the young plants when they are from 
13 to 2 feet high. If this be the object in view, rows could be 
made 1 foot distant, and the seeds sown in them about 9g inches 
apart. The seeds should be sown about 1 inch below the soil, 
and the seed beds or pots kept thoroughly and _ regularly 
watered. Regular watering does not imply that the beds are 
to be watered every day, but that they are to be watered when 
they require it, or when the surface becomes dry. 

Young plants need protection from animals, which will 
eat them greedily. A few days previous to transplanting the 
young trees, the shading materials should be removed from 
the shelters in order to accustom the plants to the direct rays 
of the sun, or what is known in England as “hardening off the 
plants.” 

Seeds may be obtained: from Ceylon or the Straits Settle- 
ments at about 6s. 8d. per 1,000. In each of these colonies they 
ripen in July and August, but they can be obtained through any 
leading European seedsman. 

Bamboo pots are manufactured by sawing up bamboo poles 
into sections about 1 foot long. The bottom of the pot is 
formed by sawing one end off about an inch below an internode 
or division of the pole, a hole being made in the division to allow 
water to drain away. A few rough stones should be placed over 
the hole to prevent fine soil filtering through, and the pot filled 
to within 2 inches of the top with light friable soil. Providing 
the vitality of the seed be good, one seed is sufficient to sow in 
each pot, and this should be placed on the soil in the pots 
prepared in the manner above described, and then covered with 
about an inch of soil. 

After the seeds germinate, and the pots become filled with 
roots, more frequent waterings will be necessary. If the plants 
suffer for lack of water at this period, they are liable to receive a 
severe shock to their proper development. 

In the Malay Peninsula, the usual plan is to germinate the 
seed in nurseries, and when the plants are about 5 or 6 feet 
high to cut them down to within 6 inches or a foot of the 
sround, the stumps being then planted out in the plantation in 
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prepared holes. It is, however, very obvious that this procedure 
must check the plant’s growth considerably. 

At several of the large estates that I visited in Ceylon, it 
was considered the best plan to sow the seed out in the open 
plantation, ze, in the positions it was intended the trees were 
to remain. This system is called “sowing to stake.” At one 
estate I saw trees grown from seeds sown to stake in 1898 
which had developed sufficiently to be tapped at the end of 
1902. 

No doubt this method has much to recommend it, pro- 
viding the seeds can be sown during a season when the soil is 
kept constantly moist by frequent rains, as the Para tree sends 
down a long tap-root which is often broken when young plants 
are transferred from the nursery beds to the plantation. But 
it is much more difficult to protect young plants in the open 
field from animal attacks than it is in the nurseries. 

If seeds be abundant, seven or eight should be sown in each 
stand and when these germinate, all weakly, backward, or badly 
formed plants should be thinned out and destroyed, leaving two 
or three of the most promising. To conserve moisture in the 
soil the seed stands should either be mulched with some light 
material such as grass, or a small framework of palm leaves 
should be erected over them till the plants are well established. 
When the selected plants are about a foot high all but the 
best plant in each stand should be rooted up and destroyed. 
A supply of seeds should be reserved or a number of plants 
raised in bamboo pots or baskets to supply vacancies. 

Fig. 4 shows some Para rubber seedlings, six months old, 
growing in a nursery near Beira, East Africa. 


PROPAGATING YOUNG GROWTHS. 


It is somewhat surprising that some difficulty appears to 
have been experienced in propagating Heveas from cuttings 
during recent years. Large numbers of plants were raised by 
cuttings taken from the original seedlings brought by Cross 
from South America in 1876, and also from the first stock of - 
plants received in Ceylon. The 1906 Annual Report of the 
Ceylon Botanical Department states with reference to an experi- 
ment conducted at Peradeniya to raise plants from cuttings, 
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that: “The net result was that at the end of the year not a 
single plant was obtained from the 3,000 cuttings.” A planter 
in Ceylon has raised several trees from cuttings, and the 7vopical 
Agriculturist for October 1907 gives illustrations of two of 
them. According to the same journal for November 1907 
success has been obtained in Java by “marcotting.” In view of 
the abundance of seeds available it is unnecessary under ordinary 
conditions to trouble about raising plants from cuttings or by 
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Fic. 4.—Para Rubber Seedlings, six months old, in a nursery on the Guara- 
Guara Co.’s estate near Beira, East Africa. (Photographed by Author 
in April 1908.) 


“marcotting.” But if it be desired to raise plants from any 
particular tree or variety which produces superior rubber or 
larger quantities of rubber than its fellows, or possesses any 
other characteristics which make it desirable for the planter to 
propagate it, no safer method can be adopted to ensure that the 
progeny possess the coveted characters than by raising plants 
from young growths. Unless a flower be protected, cross- 
fertilisation may occur. Even if this be done, the characters of 
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any particular variety are not necessarily “fixed” in the plants 
raised from seeds collected from it. 

“ Marcotting” is commonly employed by horticulturists when 
they wish to perpetuate any particular variety of plant which 
may be difficult to propagate from cuttings. A promising 
young growth having been selected, a ring of bark is taken off 
the stem immediately beneath a node or leaf scar, or the stem 
may be partially severed at this point with a sharp knife. Moist 
moss or some similar material is then bound round the cut 
portion and the bandage kept constantly moist until roots are 
produced ; it may then be severed from its parent and trans- 
planted. 

When propagation by cuttings is resorted to, young growths 
about one foot long will be found to give the best results. The 
base of the cutting should be cut off with a sharp knife just 
below a leaf or leaf scar, and inserted firmly in the ground. The 
cuttings require to be shaded and watered regularly. 

Whichever method of propagation be resorted to, it is 
important to bear in mind that the amount of care bestowed 
on the young plants will materially affect the after-life of 
the trees. When badly grown seedlings are planted out in the 
plantation, they never grow so satisfactorily as strong healthy 
ones do. 

Seedlings when too heavily shaded, or crowded too closely 
together in the nurseries, usually grow into sickly, drawn 
specimens. 

The young seedlings in the nurseries are greatly benefited by 
being syringed two or three times a day during hot weather. 
And this also tends to free them of green-fly, which is some- 
times very troublesome. 

Applications of cow-dung to young plants in the Straits 
Settlements have proved beneficial in stimulating growth. 


GEA PRI ue 


PLANTING AND CULTIVATING. 
SITE FOR PLANTATION. 


AT one time it was considered absolutely essential to plant 
the Para rubber tree in swampy land to grow it successfully, 
in consequence of the reports of travellers that it was only to 
be found growing in such situations in its native habitat. This 
theory, has, however, been proved to be untenable, and many 
failures have been experienced by planters who endeavoured 
to cultivate the tree under these conditions. 

It thrives best on damp, low-lying lands composed of deep, 
rich alluvial soil, but it will grow satisfactorily on others. As 
previously stated, I have seen it growing vigorously in Ceylon 
at elevations varying from a few feet to nearly 3,000 feet above 
sea-level, and where the annual rainfall varied from 70 to 
I50 inches. 

Mr Francis Holloway, of Kepitigalla, Matale, Ceylon, 
writing in reply to an inquiry whether Para rubber would be 
profitable if grown at an elevation of 1,600 to 1,800 feet, says :—* 

“T am now tapping some trees at about 1,600 feet on a 
hillside, and am very pleased with the excellent results obtained. 
Trees at this elevation, although a good deal smaller than the 
ones of the same age at a lower elevation, are now being proved 
to yield better than those lower down. They only require one 
incision in the morning, and the cups are emptied at II a.m. 
and replaced under the same cut immediately, and are again 
emptied at 3 p.m., thus giving the same yield from one cut as 
would be obtained from two cuts on trees at the lower elevation. 
I have never been able to do this at the low elevation, as the 
latex does not flow at 10 a.m. This is proof positive that Para 
rubber ah better at 1,600 feet than at 600 feet. I think this 


* [ndia- eS ivnil 30th March 1903, p. 335. 
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a very important fact, and one that will no doubt be noted 
by all concerned in Para. It is probably due to the colder 
atmosphere at the higher elevation, which does not tend to 
coagulate the pure latex as it exudes from the wound, whereas 
at a lower elevation the temperature being much higher, the 
latex scarcely has time to run into the cups before it coagulates 
on the way, owing to the heat.” 

Mr Stanley Arden writes :—* 

“Nothing could succeed better than this tree does in the 
Federated Malay States, planted on newly-cleared, well-drained 
land; and although it is often stated that partial shade, swampy 
places, and other conditions are essential to success, given a 
climate with a uniform temperature of about 90° Fahr., and a 
large rainfall equally distributed- throughout the year, the 
conditions laid down above are eminently suitable. So far as 
I can judge it does not appear that the nature of the soil affects 
either the quantity or the quality of the latex (milk), but in 
any case it is advisable to plant on a fairly rich soil, a loamy 
soil for preference, as under such circumstances the tree would 
grow quicker and stronger, and probably give a return at a 
younger age than if grown on land deficient in the necessary 
constituents of plant life.” 

Some trees in the Botanic Gardens, Aburi, Gold Coast, 
situated about 1,500 feet above sea-level, are flourishing in 
comparatively poor stony soil. Although the tree appears to 
grow in comparatively poor soil in the tropics where the rainfall 
is sufficient, it does not grow so vigorously on stiff clayey or 
on dry stony lands as on moist low-lying alluvial lands. 

The 1897 report upon the Government Para Plantations in 
Ceylon states: “The land at certain periods of the year was 
subject to floods. It was found, however, that these periodical 
inundations were harmful, and that plants below flood level 
were destroyed, notwithstanding much attention having been 
paid to the supplying of vacancies. By this loss about one- 
fourth of the plantation was destroyed, but of the remainder 
above high-water mark I cannot speak too highly.” 

Wickham, one of the first investigators of the Para rubber 
tree in its native habitat, states that, “near the rivers the Para 
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trees have a poor growth as compared with those in the 
highlands, where they are found with a circumference of 10 
to 12 feet”; also “the true forests of the natural Para rubber 
tree lie back on the highlands. As a matter of fact, the whole 
of the Hevea brought out of the forest by me for the Govern- 
ment of India were from large grown trees found in the forest 
covering the broad plateau dividing the Tapajos from the 
Madeira River.” 

In the Federated Malay States it is grown up to 2,500 feet. 
3,000 feet is not considered the maximum altitude at which it 
may be profitably grown in Southern India, high-class rubber 
having been produced at 3,000 feet where the rainfall is only 
about 45 inches per annum. 

The writer has seen the foliage of Para rubber trees, in both 
East and West Africa, looking fresh and green when such plants 
as coffee, cocoa, and cotton were drooping and losing their 
leaves because of drought. There is reason to believe that 
this tree could be profitably grown under irrigation in much 
drier regions than those in which it is now extensively cultivated. 
An interesting plantation of this nature is now making satisfactory 
progress on the property of the Guara Guara and Massanzane 
Estates Company, on the banks of the Buzi River, East Africa. 

Estates at high elevations in Ceylon almost invariably 
produce cinchona bark richer in alkaloid, finer coffee berries, 
and better flavoured tea than estates in the low country of that 
island. In the open competition for Para “biscuit” rubber at 
the Ceylon Rubber Exhibition, held in September 1906, 
“biscuits” produced by ten-year-old trees on the Duckwari 
Estate, which is situated 2,600 to 3,000 feet above sea-level, 
carried off the prize. 


ELOLLING OUL THE ESTATE: 


To facilitate the keeping of records, inspection, and for 
reference purposes, it will be found convenient to divide up the 
newly cleared estate into rectangular, preferably square, blocks. 
Ten acres is a suitable area for each block. If the estate has 
been surveyed, the longest boundary line may be used as a base 
line, or a base line may be taken right through the centre of the 
estate. Commencing at one end of the base line put in pegs at 
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10 chains apart. Through these run lines at right angles to the 
base line, then starting from the latter put in pegs at 10 chains 
apart on the lines at right angles to the base. Each peg will 
then mark the corner of a square block approximately IO acres 
in area, and these points may be permanently fixed by planting 
on them a particular tree or shrub on which the number of the 
block might be marked. If each of these blocks be numbered 
in rotation it should be possible to refer to a particular line of 
trees in any block by mentioning the block and the number of 
the line in the block counting from a specified direction; a 
particular tree may be similarly indicated. Having demarcated 
the estate in this manner an accurate plan of it may be easily 
prepared and the position of roads, drains, streams, and hills 
clearly defined. By adopting this system a uniformly laid out 
estate will be obtained, and the allotting and controlling of task- 
work, such as tapping, will be considerably facilitated. The area 
of the blocks may be varied from 5, 15, to 20 acres by fixing 
points on the lines running at right angles to the base at 5, 15, 
or 20 chains apart respectively. 


DISTANCE APART TO PLANT TREES. 


The distance apart at which trees are planted varies consider- 
ably in different plantations. In 1902 the commonest distance 
at which Hevea trees were planted in Ceylon was 12 feet by 12 
feet (302 to the acre), where no other crops were grown in con- 
junction, and 40 feet by 40 feet (27 to the acre) when planted 
amongst tea. At the same period planters in the Straits Settle- 
ments were planting their trees at distances varying between 10 
feet by 10 feet (435 to the acre) and 36 feet by 36 feet (33 to the 
acre). Many of the more recently formed estates have their 
trees planted at far wider distance apart than the majority of the 
old plantations. The latter were established with the idea of 
subsequently thinning out alternate trees by tapping them to 
death, but the execution of this policy has been the exception 
rather than the rule. The immense vitality of the Para rubber 
tree prevents the tapping to death method from being expe- 
ditiously effected. It is extremely doubtful whether it is a wise 
plan to depauperate trees in this manner, as in this condition 
they are far more susceptible to disease, and consequently en- 
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courage the spreading of an epidemic to the whole plantation. 
I saw trees in Ceylon, aged about ten years, planted 4o feet 
apart, with their branches touching. It must, however, be borne 
in mind that Para rubber tree cultivation is in its infancy, and 
the proper distance to plant the trees apart is a matter which 
will require experience extending over a long period to settle 
satisfactorily. When permanent between-crops are not planted, 
probably the best results will be obtained by planting fairly 
closely, say from 15 feet by 15 to 20 feet by 20 apart, ze. 193 
and 109 trees per acre respectively, and afterwards thinning out 
weakly trees as they become crowded. One distinct advantage 
gained by close planting is that it tends to keep weeds down. 
The extent to which thinning may have to be carried out will 
be better appreciated when we bear in mind that cultivated trees 
have grown to a height of nearly 100 feet with a girth of over 
100 inches in thirty years. Again, where trees are planted fairly 
closely together, a much larger yield will be obtained during 
say the seventh to tenth years following the establishment of 
the plantation than when planted farther apart. And provided 
thinning-out be not delayed, no damage to the remaining trees 
need necessarily follow. 

The very close planting of rubber trees, recommended by 
some writers in order to encourage them to develop long straight 
trunks to facilitate the tapping operations, is not essential in the 
cultivation of the Para rubber tree, for, as will be demonstrated 
later, it is advisable only to tap about six feet of the lower 
portion of the trunk of this tree. Every encouragement should 
therefore be given to it to increase the size of its trunk in girth 
and to form a sturdy tree. 

All things being equal, a large tree will produce more latex 
than a smaller one of the same age, so that it is imperative that 
the tree’s growth should not be checked by overcrowding, as it 
is a lover of sun and not of shade. 

Close planting produces tall trees, and wide planting sturdy 
branching trees. This is one of the primary principles of 
arboriculture. As we wish to encourage the latter habit it is 
obvious that it would be better to err on the side of wide 
planting. 

All trees, bush, &c., growing on the land to be planted, 
should be cut down and burnt before planting commences, and 
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the ashes thus produced might with advantage be spread over 
the ground to serve as a fertiliser. 

The land to be planted should be lined, and the holes for the 
plants dug 18 inches deep and a foot-wide, and filled with rich 
surface soil, in readiness for planting. 


TRANSPLANTING. 


Transplanting should be performed, whenever possible, during 
wet or cloudy weather, as the plant’s growth will then be less 
likely to receive a check than if planted in the hot sunshine. If 
a spell of dry weather sets in before the young plants have 
become established, they will require to be watered once or 
twice a day. 

Great care is necessary in lifting the plants from the nursery 
beds, in order to prevent their young roots being broken. The 
tree develops a long tap-root, and it is necessary not to damage 
this in any way, as it is principally by means of this organ that 
the tree is held firmly in the ground, and by which it absorbs 
supplies of*moisture during dry periods. 

Transplanting is assisted by thoroughly watering the nursery 
beds immediately beforehand. Young plants transferred from 
the nursery to the plantation often fail to grow because they 
have been planted too deeply. It is quite sufficient, when 
planting them in the plantation, to bury the roots to a‘similar 
depth to that to which they had grown in the nursery. 

The young trees when first transplanted require carefully 
shading with palm leaves or some similar material, but when 
once established, they do not need shade and grow stronger 
without it. 

It should be remembered that the young tender roots play a 
most important part in procuring nutriment for the plant, con- 
sequently as few as possible should be broken. It is impossible 
to lift a plant from the ground without damaging some of them, 
but with proper care the damage may be reduced to a minimum. 
Broken or bruised roots should be cut off clean with a sharp knife 
and the cut portion dipped in tar or some similarly antiseptic 
solution. Bruises inflicted on the stem should be painted with 
some antiseptic, as unhealthy or damaged plants are always 
more susceptible to fungus and insect attacks. Where plants 
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are raised in bamboo pots or baskets there is little danger of 


damaging the roots, as they may be taken out of these with the 
ball of earth almost intact. 


BETWEEN-CROPS AND CATCH-CROPS. 


The cultivation of between-crops or catch-crops in con- 
junction with Para rubber is greatly recommended for several 
reasons, the most important being that it is a fallacious policy 
for a planter to only invest in one product, especially one of 
which there is a possibility, however remote, of its market price 
falling below a figure at which it could be profitably produced. 
Other potent reasons are that well-chosen crops tend to check 
the spread of disease, and if a judicious rotation of catch-crops 
be employed the physical condition of the soil is improved by 
the constant tillage and weeding which the cultivation of these 
crops entails. 

Crops which are nearly related to Hevea should be avoided 
as being liable to introduce disease instead of checking its 
spread, since a specific disease generally confines its attacks to 
nearly allied species. Cocoa, coffee, and tea may be profitably 
planted as between-crops but it is considered that they should 
be substituted by annual or small growing crops in every 
instance where the rubber is planted at less than 4o feet apart, 
in view of the rapid growth of Hevea. Its development is the 
primary consideration and should on no account be interfered 
with by secondary crops. 

The soil and climatic requirements of the Para rubber tree 
and the cocoa tree are very similar. As shade-trees are generally 
considered necessary for cocoa, Hevea could be advantageously 
adopted for this purpose in place of the * Bois immortel” 
(Erythrina spp.) which yields no commercial product. Due 
consideration must, however, be given to the fact that the 
Para rubber tree is not evergreen, and that it usually loses its 
leaves during the dry season. Where this season is protracted, 
or excessively hot, dry winds occur at this time of the year, the 
cocoa would require shade-trees which carry their foliage during 
this period. Cocoa is usually planted about 15 by 15 feet apart, 
and the shade-trees 45 by 45 feet apart, so if cocoa were grown 
in conjunction with Hevea as a shade-tree there would be 193 
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and 21 cocoa and rubber trees respectively per acre. The 
vacant land between both kinds of trees could be utilised during 
the first few years for the growing of catch-crops. As cocoa 
does not come into bearing until it is three or four years old, 
those planted nearest the Heveas would probably not produce 
many crops before being starved out by the more rapidly grow- 
ing rubber trees. 

Given suitable soil and climatic conditions, cocoa is not a 
difficult plant to cultivate, nor is expensive machinery absolutely 
necessary for the preparation of the crop for market. The 
demand for cocoa continues to expand. The world’s consump- 
tion of cocoa for the years 1898 and 1906 was estimated at 
about 70,000 tons and 140,000 tons respectively, or an increase 
of 100 per cent. in eight years. 

Coffee can also be satisfactorily cultivated as a between-crop 
with rubber, and it is already largely grown as such in Java, 
Ceylon, India, and the Malay Peninsula. The Liberian species 
is best suited to the low country, while the Arabian species grows 
best in the hills. They require to be planted at 10 by Io feet 
apart, and 6 by 6 feet apart respectively. 

In Ceylon and India tea is being extensively grown in con- 
junction with rubber. 

There are several crops which can be grown as catch-crops 
with rubber. Some of the most promising are ground-nuts, 
tobacco, chillies, and maize. Cotton could also be grown until 
the rubber trees shade the ground too much. 

Ground-nuts are specially recommended in view of their 
fertilising properties. In the United States a yield of from 1,500 
to 3,000 lbs. of nuts per acre is obtained. In Tropical Africa 
this yield is rarely obtained, although the nuts produced in the 
latter country are more valuable, as they contain a greater per- 
centage of oil. There is always a constant demand for this class 
of oil-seed in the European markets, and good shelled nuts 
realise on an average £12. 10s. per ton. The plants make ex- 
cellent forage for cattle, as they contain about I per cent. of 
nitrogen, or they may be dug in the ground as a fertiliser. The 
extraction of oil does not ‘require expensive machinery, and the 
residue, which contains 7. per cent. of nitrogen, furnishes a 
valuable cattle food or manure. African unshelled and shelled 
ground-nuts yield 32 and 50 per cent. of oil respectively. Oil 
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extracted locally in East Africa has been valued as high as 440 
per ton. Two pressings are usually made. The first, or ‘cold 
pressing, which produces the finest quality, furnishes about 20 per 
cent. of oil, the remainder being extracted with the aid of heat. 
The seeds are sown 2 to 3 feet apart and the crop is produced 
five or six months after sowing. 

Chillies are usually raised from seed in prepared nursery beds. 
The young plants may be transplanted when they have grown 
2 or 3 inches high, and planted in rows 3 feet apart and about 
2 feet apart in the rows. Chillies should be harvested with the 
stalks attached, and carefully dried in the sun. These stalks 
should, however, be picked off before shipment. 1,500 Ibs. per 
acre is considered a fair crop, but as much as 2,500 lbs. per acre 
has been obtained. The market price of Zanzibar chillies has 
fluctuated during the last two years between 17s. and 25s. per 
cwt. 

The exports of maize from Tropical and Sub-tropical Africa 
have increased considerably during the last few years. The 
yield in East Africa varies between four and ten bags of 203 Ibs. 
weight per acre, but in the corn belt of the United States the 
yield is as high as twenty-two to twenty-four bags per acre. 
Natal maize realised about 47 per ton in the London market in 
1907. The large growing varieties should be planted 3 by 3 feet 
apart, but for the smaller growing varieties 3 by 2 feet is 
sufficient. 

Cassava has been profitably cultivated as a catch-crop with 
Hevea in some of the plantations in the East. It would, how- 
ever, seem preferable, for reasons already described, to choose 
some other crop less closely allied to Hevea. Cassava belongs to 
the genus Manihot, which like Hevea is a member of the Euphor- 
biaceous family. 

No matter what plants are grown as secondary crops with 
rubber they should on no account be allowed to interfere with 
its development. This frequently occurs owing to the secondary 
crops being planted too close to the rubber. The rate of radial 
root-growth of Hevea varies considerably under different con- 
ditions, but it will generally be greater in light open soils than 
in those of a closer and richer consistency. It is considered that 
when the tree is growing satisfactory a space of at least 1 to 14 
foot per year radial incredse of root-growth should be allowed for. 
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The undermentioned table shows the number of plants 
required per acre when planted at various distances apart and the 
amount of land available for each plant :— 


Distance pane No. of | Distance Biter | No. of 
Apart. etc Diank Plants. || Apart. sale DAE Plants. 
Feet. Square Feet.| Per Acre. | Feet. Square Feet. | Per Acre. 
PAE | I 43,560 || IOxI0 100 435 
DPS | 2 2, On tins Mee peeks 144 302 
2ix 2 4 1G 100f ele as 25° 6 Sere 
Zao 6 7.200) le T0500 260 1° “370 
Bis 9 A840 fl) 17 3Cr7 289. 425% 
4X4 16 wyo2 hy Teme 324 134 
Res 25 1; 7A2-4 Me 20 X20 400 ote) 
6 x 6 36 1, 2£0 al) Begs 625 69 
7 Xa 49 889 30 30 goo 46 
8 x 8 64 681 || 40X40 1,600 27 
9x9 81 538 45 X 45 2,025 21 


WEEDING AND HARROWING. 


Even when no secondary crops are grown with rubber, weeds 
must be constantly checked. On level lands they should be 
regularly hoed up; if this be done on steep sloping lands heavy 
rains will wash away the fine surface soil, so cutlassing should be 
resorted to. When trees are planted fairly closely together, or 
between-crops grown, weeding will require most attention during 
the first three or four years following the establishment of the 
plantation ; after this period the shade produced by the trees 
has a beneficial effect in keeping weeds down. It is reported 
that the following “ weed-killer” has proved successful in exter- 
minating “TIlluk” grass in Selangor: 2 lbs. 14 oz. of washing 
soda was dissolved in 3 gallons of water; this was raised to the 
boiling point and 2 Ibs. of white arsenic slowly stirred in and 
then diluted with 20 gallons of water to form the stock solution. 
Two pints of stock solution mixed with 5 gallons of water were 
sprayed on the grass or applied by allowing a cloth suspended 
from a tank, containing the solution, on wheels to be drawn over 
the grass. 

Comparatively few planters sufficiently appreciate the benefits 
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accruing from frequently harrowing or cultivating the land 
between the trees. This operation not only checks the growth 
of weeds but breaks up the surface crust which forms after rain, 
thereby facilitating the ingress of air. During the dry season 
the layer of dry, loose soil thus formed serves as a blanket to con- 
serve the moisture in the soil beneath. It is inadvisable to stir 
the soil too deeply during the dry season, as evaporation is greater 
from the cultivated than from the uncultivated soil, and a shallow 
layer of dry soil is almost as effective as a deep one for moisture 
conservation purposes. It may appear contradictory, but the 
same conditions which most favour the retention and conservation 
of rain water also best facilitate the draining away of surplus 
water. <A loose soil absorbs more water than a compact soil, and 
surplus water drains away far more rapidly from soils in the first 
than from those in the second condition. However satisfactory 
the climatic conditions or the composition of the soil may be, 
unless the physical condition .of the soil be suitable the best 
results will not be obtained. 

Due care must, of course, be exercised in regulating the 
length of the teeth of the harrow or cultivator to prevent injury 
to the roots of the trees. Where, as frequently happens, the 
roots have formed a network near the surface of the ground close 
to the trunks of the trees, operations should be suspended in 
these areas and mulching applied in the shape of weeds, leaves, 
or, preferably, stable litter. 

Drainage is necessary to improve the sanitary condition of 
the soil and promote the formation of soluble plant-food 
constituents. | 

Drains on hill slopes check the washing away of rich surface 
soil, and in such situations small drains at fairly frequent 
intervals are preferable to large drains widely distributed. 


DISBUDDING AND PRUNING. 


There is a vast difference in the habit of Hevea trees ; some 
will commence to branch when they have grown 6 feet high, 
while others will grow more than 20 feet high before branching. 
Later on it will be shown that it is considered desirable to 
encourage the girth development of the 7 or 8 feet of the trunk 
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nearest the ground; this being the most accessible region for 
tapping operations. 

. Horticulturists who wish to alter the natural habit of tall 
growing or straggly plants into a compact or standard habit 
either disbud or prune them when young. Tea and coffee 
planters adopt similar methods to encourage their crops to 
assume a low-branched habit to facilitate the harvesting of the 
“leaf” and “berry” respectively. 

The inclination of Hevea trees to form long unbranched 
stems may also be checked by disbudding and pruning the 
young trees. The former operation is preferred as less loss in 
growth is associated with it. Trees which have grown 7 or $ 
feet high without exhibiting signs of branching should have 
their terminal buds removed ; this-may either be effected with 
the thumb-nail or a sharp knife. New shoots are then produced 
in the axils of some of the leaves nearest the apex of the plant. 
These shoots may be similarly treated until the desired number 
of branches has been obtained. Some trees obstinately refuse to 
produce more than one new shoot when the first bud is removed, 
but if the. process be repeated the wished-for result will be 
secured. As it is undesirable to allow branches to develop from 
the area which it is proposed to tap, buds which appear thereon 
should also be removed. Young trees, which have been allowed 
to grow beyond the height at which branching is desired, may 
be pruned back to this height. It is, however, advisable to take 
this work in hand as early as possible, both to prevent the less 
of growth and as it will be usually found that new buds are more 
readily encouraged to form on the young wood. 

Sturdy, compact growing trees are far less liable to be 
broken by wind than long whippy specimens. In the chapter 
on tapping it will be shown that under ordinary conditions 
tapping operations may commence when trees have acquired a 
girth of 20 inches at 3 feet from the ground. It will thus 
be apparent that trees whose girth has been increased by dis- 
budding or pruning will come into bearing at an earlier age 
than those left to grow naturally. 
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CrAPIER VI. 
SOIZS AND MANURES. 


CHEMICAL, PHYSICAL, AND BIOLOGICAL CONDITIONS 
OF SOILS. 


THE investigation of various soils in which Para rubber trees 
have been successfully cultivated tends to show that it is not 
fastidious in regard to its requirements in this respect, as the 
chemical and physical qualities of many of these soils are com- 
paratively poor. Below is given an analysis of soil from the 
Heneratgoda Garden, Ceylon, in which Hevea trees have been 
grown for about thirty years, and also an analysis of soil taken 
from the uncultivated pasture land adjacent.* 


CHEMICAL COMPOSITION. 


No. I. No. 2. 


Old Rubber. | In Open Pasture. | 
Per Cent. | Per Cent. 
Moisture - - - - - | 1.200 1.600 
*Organic matter and combined water | 7.800 | 7.000 | 
Oxide of iron and manganese - cer 2.800 2.000 | 
Oxide of alumina - - - - 4.969 G.3ig | 
Lime - . - : - - 0.040 0.060) =| 
Magnesia - - : - - 0.057 0.072 | 
tPotash - - : - - a, 0.046 0.038 
tPhosphoric acid — - : 2 - 0.031 0.031 
Soda - : . : : 0.046 0.080 
Sulphuric acid, - - : : 0.007 Trace 
Chlorine- - - - - - 0.004 0.004 
Sand and silicates. - - : di 83.0 000 82.800 
100,000 100.000 
*Containing nitrogen - - - 0.154 0.134 
Equal to ammonia - - - - 0.187 0.163 
Lower oxide of iron : : - Trace Fair 
Acidity - : - - Much Much 
{Citric nails potash : : - 0.005 0.004 
| 3 {Citric soluble phosphoric acid - - Trace Trace 


* Circular, Royal Botanic Gardens, Ceylon, vol. iii., No. 6, 
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MECHANICAL COMPOSITION. 


; 


No. I. No. 2. ) 
Old Rubber. | In Open Pasture. 
| ae 
Per Cent. | Per Cent. 
Fine soil passing go mesh : ~ 20.00 26.00 
Fine soil passing 60 mesh - : 28.00 | 28.00 | 
Medium soil passing 30 mesh - - 14.00 / 21.00 | 
Coarse sand and small stones - - 38.00 -_'] 25.00 
100.00 | 100.00 
| 


The Heneratgoda soils are light brown sandy loams in a 
good mechanical condition, though the retentive power of mois- 
ture is rather poor. The organic matter, although about normal 
for the district, must also be considered poor. There is a fair 
supply of nitrogen. The mineral plant food is generally poor, 
there being only a small quantity of available potash and only a 
trace of available phosphoric acid. The soils are both very sour. 

It is of very little practical value to the rubber planter to tell 
him what mineral plant-food constituents are present in his soil ; » 
what it is necessary for him to know is the amount of plant foods 
that is available in a soluble state. These foods must be in 
such a condition as to be soluble in the sap of the root cells ; 
this is only approximately equivalent to the amount of mineral 
constituents which a I per cent. solution of citric acid is cap- 
able of rendering soluble and not that rendered soluble by strong 
mineral acids. 

The study of what may be termed the biological condition of 
soil is of primary importance in modern scientific agriculture, and 
it is one with which the up-to-date planter must sooner or later 
be called upon to grapple. The amount of available plant food 
in the soil is very largely influenced by the number of nitrifying 
bacteria present. The nitrogenous compounds of organic 
matter which are present in most soils are, under favourable con- 
ditions, acted upon by bacteria which secrete a peptonising . 
ferment and change them into ammonia, and ultimately to 
nitrates, in which condition they form a soluble plant food. The 
essential requirements for the life and multiplication of soil 
bacteria are air, moisture, and heat. Sour, water-logged land 
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is always imperfectly aerated, indeed this is the only condition 
which excludes air from the soil. Rain water is an important 
factor in soil aeration, for as it sinks into the ground it displaces 
an equal volume of air, and as the water drains away air is 
drawn in after it. In undrained land air is displaced very 
slowly, and consequently the beneficial effects of rain water are 
lost. Although it has not yet been decided whether roots 
like leaves, breathe, still the fact remains that air is as necessary 
to roots as it is-to leaves. In employing drained swamps or 
water-logged land for a plantation, a simple method, and one 
which may be generally relied on for testing whether the soil is 
sour, is to take samples of moist soil from different portions ot 
the suspected region. Mix them all together, add sufficient 
water to enable them to be stirred into a paste and insert a 
piece of blue litmus paper. If after an hour has elapsed the 
paper in contact with the soil turns red, the soil is probably 
sour. To neutralise the acidity, broad-cast water-slaked lime at 
the rate of about 2,000 lbs. per acre. Stone-lime may be 
expeditiously slaked by covering it with moist soil until it is 
converted into powder, when it is ready for use. Applications 
of lime also materially assist the work of nitrification bacteria. 

The temperature of water-logged soils is always lower than 
that of more porous soils, hence the growth of the trees planted 
therein would be checked and the amount of available plant 
foods reduced owing to the retarded operations of soil bacteria. 
After drainage, such land should be deeply cultivated and the 
soil left in a rough condition to facilitate aeration before plant- 
ing commences. 

The moisture content and physical condition of very light 
porous soils may be increased and improved by ploughing in 
animal or green manures. 

De Candolle’s theory that a crop continuously cultivated on 
the same soil is able to render it noxious to that particular crop 
by its excretions has recently been confirmed by Schreiner and 
Reed. It is claimed that the diminished yields of a crop culti- 
vated continuously on the same land is not altogether due to 
loss of soil fertility but largely to these toxic excretions. It has, 
however, been proved that when the organic excretions of plants 
are acted upon by air or micro-organisms the condition of the 
soil is improved. It will be apparent that their poisonous 
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excretions may be prevented from accumulating to any injurious 
extent both by cultivating rotations of crops and by proper 
tillage. The importance of the latter remedy cannot be too 
highly estimated in the cultivation of a permanent crop like Para 
rubber, which, when closely planted, debars the growth of inter- 
crops. 


MANURING. 


On comparing the analyses of the soil in which Hevea has 
been growing for thirty years with that which has been under 
pasture at Heneratgoda, we find that the former has increased 
its supply of organic matter, nitrogen, and potash, but its lime 
and magnesia content has decreased. This is not altogether 
surprising, as it is generally found that lands occupied by trees 
are yearly enriched by the annual leaf fall. In addition to re- 
turning to the soil a large proportion of the elements used up in 
the development of the leaf, part of that obtained by the elabora- 
tion of the atmospheric carbon dioxide during the processes of 
assimilation which take place in the leaf is annually deposited. 
This annual mulching of leaves contains a considerable amount 
of organic matter which is converted into soluble plant foods by 
the atmosphere and nitrifying bacteria. 

The soil has been also considerably improved by the various 
other beneficial agents which operate on lands occupied with 
thickly planted trees. The network of roots formed by them 
holds the particles of soil together and checks the rain washing 
away soluble plant foods. Soil moisture is conserved through 
being shaded from the sun by the foliage of the trees, and 
the conditions favouring the development of nitrifying bacteria 
are ameliorated. | 

On rubber estates where these natural soil improving agencies 
are allowed to proceed unhindered, the principal losses that the 
soil sustains are the elements consumed in the building up of the 
stems and branches of the rubber trees and those contained 
in the bark excised and the latex extracted during tapping 
operations. 

It will thus be apparent that, providing good land has been 
selected for the plantation, and there is no excuse for choosing 
poor land, considering the enormous areas of rich virgin land in 
the tropics well adapted for rubber cultivation now lying idle, 
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manuring should not be necessary for many years providing 
proper attention be given to soil cultivation. Where such lands 
are chosen, a judicious rotation of catch-crops may be grown 
which will not severely impoverish the soil, especially if the plants 
be buried after harvest with dressings of basic slag or lime. The 
planting of green crops for manurial purposes alone under these 
conditions would be unnecessary waste of capital during the 
early life of the plantation; later the trees should have grown 
sufficiently to shade the ground and thus prevent their being 
cultivated. Where poor land, deficient in organic matter, has 
been selected for rubber cultivation, green manures, and especi- 
ally those belonging to the legume family, which are able to fix 
atmospheric nitrogen by the aid of the bacteria associated with 
the nodules on their roots, may be beneficially cultivated. 

These crops also improve the mechanical condition of the 
soil by the action of their roots, and when they decompose, acids 
are formed which assist in rendering additional plant foods avail- 
able in a soluble form. The following are among some of the 
most valuable kinds for rubber plantations :— Vzgua spp., “ Cow 
Pea”; Cajanus indicus, Spreng., “ Pigeon Pea” ; Crotalaria spp. ; 
and Arachis hypogea, Linn., “Ground-nut.” All these can be 
readily grown from seed, of which from 20 to 30 Ibs. per acre is 
required. Various species of leguminous trees, such as Adlézzzza 
moluccana, Erythrina spp. and Pithecolobtum spp., can also be 
employed with advantage, and if regularly pruned furnish a 
valuable mulch, or better still ploughed into the ground with a 
dressing of lime or basic slag. MWzmosa pudica, the “ Sensitive 
Plant,” has been recommended as a permanent green cover to 
keep down weeds. It has been estimated that 150 to 200 lbs. of 
nitrogen per acre could be annually added to the soil by culti- 
vating this plant, cutting it down, and turning it under the soil. 

The compact growing varieties of “Cow Peas” are specially 
recommended. They grow rapidly on the poorest soils even 
during the dry season, and their foliage contains a high percentage 
of valuable manurial matters, ze. .27 per cent. nitrogen, .1O per 
cent. phosphoric acid, and .31 per cent. potassium oxide. It 
should be distinctly understood that various other plants, such 
as maize and sorghum, which are occasionally used as green 
manures, only increase the organic matter in the soil, whereas 
leguminous crops furnish in addition” to this, supplies of 
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nitrogen, which they directly absorb from the atmosphere. It is 
well to point out, however, that all soils do not contain the 
necessary nitrogen-fixing bacteria, or they may be unable to 
produce the desired results through having lost their activity. 
Active bacteria may be introduced to soils by inoculating the 
leguminous seeds to be planted with specially prepared cultures 
of the organism. The whole process is fully described in Farmers’ 
Bulletin, No. 240, “ Inoculation of Legumes,” issued by the United 
States Department of Agriculture. 

Although common salt was used as a crop fertiliser by the 
Romans and the Chinese before the Christian era, it is compara- 
tively little used for this purpose at the present day. It is a 
powerful factor in breaking up soil and in rendering plant-food 
constituents free. Applications of salt during periods of drought 
are especially advantageous, as it absorbs moisture from the 
atmosphere and aids the retention of moisture in the soil. It is 
not generally known that salt is one of the principal ingredients 
of various artificial manures. The amount to apply must, of 
necessity, depend upon circumstances, but 600 lbs. per acre 
broad-casted may be considered an average application ; less is, 
however, required on heavy soils, while a larger quantity would 
probably prove more beneficial to light soils. 

Excessive applications of nitrogenous manures are not advis- 
able for Heveas, as they tend to produce too rapid growth and 
render the trees more susceptible to being broken by wind. 
Different soils will obviously require fertilisers containing 
different percentages of the various manurial elements. 

The following mixture has been found to yield good results, 
but the proportion of the constituents may be regulated to suit 
particular requirements :— 


Basic slag - : : : - 1,500 lbs. 
Nitrate of soda : < . : 250 ,, 
Sulphate of potash - - . - 250 ,, 


This should be applied at the rate of about 300 Ibs. per ace, and 
ploughed or harrowed in. 

Cattle manure is specially valuable for soil which is poor in 
organic matter; this should be applied at the rate of 8 tons 
per acre, and, if circumstances permit, ploughed in. These soils 
would also be materially improved by applications of vegetable 
matter, such as leaves, grass, weeds, &c. 
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CHAPTER VII. 
PESTS. 
CONDITIONS WHICH FAVOUR THE SPREAD OF DISEASE. 


NOTHING is more favourable to the spread of disease than the 
practice which now obtains of planting large areas with a single 
product. 

Where large areas of a permanent crop such as rubber are 
cultivated, the difficulties attending the prevention and exter- 
mination of disease are far greater than in the case of an annual 
crop, for with the latter a change of crop will invariably produce 
these results. It therefore behoves the Para rubber planter to 
be constantly on the alert with a view to discover disease in its 
early stages, and take immediate steps to eradicate it. Investi- 
gate the wtiology of a disease, remove the cause, and the ill- 
effects will be removed with it. Fortunately, none of the 
numerous fungus and insect pests of Hevea have, as yet, caused 
serious damage, but it should be borne in mind that, with a 
comparatively few exceptions, the cultivation of this product is 
of quite recent date. The advantages likely to accrue from the 
cultivation of between-crops with Para rubber have already been 
pointed out. In place of, or preferably in addition to these, belts 
of unrelated trees or plants should be grown for the purpose of 
dividing up large areas of Hevea with a view to still further 
check the spread of disease. 

Since it generally happens that a specific disease confines its 
attacks to nearly allied species, the plants chosen for the between- 
crops and the disease-checking belts should be selected from 
those belonging to different natural orders of plants from that to 
which Hevea belongs, viz., Euphorbiaceae. For economic reasons 
the plants chosen should yield commercial commodities. Those 
suitable for between-crops have already been’ dealt with. For 
the second purpose there are several rubber-producing trees 
which are admirably adapted, such as Castcloa elastica, Cerv., 


Re PARA RUBBER. 


the source of Central American rubber; /7cus elastica, Roxb., 
the Rambong; and Ficus Vogeliz, Miq., and Funtumza elastica, 
Stapf, both West African trees. Where forest land is being 
cleared and land is plentiful and cheap, belts of indigenous trees 
might be advantageously left standing. 

In some districts animals cause considerable damage by 
eating young Heveas and the bark of old ones ; the most trouble- 
‘some being cattle, pigs, porcupines, deer, rats, hares, and rabbits. 
As a protection from these a wire netting boundary fence of a 
suitable mesh should be erected. _ 


FUNGUS DISEASES. 


The enormous losses which farmers and planters in various 
parts of the world have sustained by the ravages of parasitic 
fungi on growing crops should be sufficient to convince the Para 
rubber planter of the necessity of employing every means in 
his power to protect his trees from similar attacks. Striking 
examples of this nature are afforded by—‘ Potato Disease” 
(Phytophthora infestans, De Bary), “ Vine Mildew” (Plasmopara 
viticola, De Bary), “Wheat Rust” (Puccenza graminzs, Pers.), 
“Cocoa Canker” (JVectrza sp.), and “ Coffee-leaf Disease” (femez- 
leta vastatrix, Berk.). In Prussia, during the year 1891, it is 
estimated that losses amounting to over 20} million pounds 
sterling were sustained by the ravages of parasitic fungi on 
cereal crops. Rust in Australian wheat is estimated to have 
caused a loss of 24 million pounds sterling during the season 
1890-1, while the coffee-leaf disease in Ceylon is reported to 
have resulted in a loss of nearly 15 million pounds sterling in 
ten years. 

Every planter should make himself conversant with the 
general habit and name of the commonest groups of the fungus 
parasites of plants, their methods of attack, and the conditions 
which most favour their development. 

It is impossible to state what proportion of the fifty thousand 
odd species which represent the world’s fungus-flora is parasitic 
on plants, but it is well to bear in mind that many saprophytic 
fungi, z.e., those which usually live on dead organic matter, may 
assume a parasitic habit, while on the other hand parasitic fungi 
may adopt saprophytic habits. 
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The vegetative form of a fungus consists of mycelium or 
hyphe, which performs similar functions in the way of obtaining 
and assimilating nutriment for the fungus plant as roots and 
leaves perform for flowering plants. With few exceptions, the 
mycelium of parasitic fungi remains within the tissues of the 
host plant, so that the casual observer only sees the fruiting or 
reproductive stage, by which time the fungus has completed its 
work of destruction. It will thus be seen that, notwithstanding 
the fact that the reproductive form of the fungus has been found 
on dead tissues, it does not follow that it is a saprophyte, as it 
may have killed them; nor does it follow that because a fungus 
has been discovered growing on dead tissues that it Aas killed 
them. 

The commonest method of infection is by spores, which 
for all practical reproductive purposes may be considered to take 
the place which seeds occupy in regard to flowering plants. 
Spores are minute bodies of various colours and shapes, many 
thousands being required to cover a threepenny bit. These are 
produced in enormous quantities, and are readily distributed by 
wind, rain, insects, animals, man, and numerous other agencies. 
Any which alight on a suitable host germinate and spread the 
disease. 

The difficulties attending the attempts to exterminate fungus 
diseases have been frequently demonstrated, and as examples 
may be quoted those employed in regard to “rust in wheat,” 
vine mildew, and coffee-leaf disease. Too great stress cannot 
be laid on the necessity for adopting preventive methods by 
promoting sanitary conditions on the plantation, proper cultiva- 
tion, selecting seeds from healthy plants, and burning diseased 
tissues. 

Always have a stock of fungicides and apparatus, such as 
sprays, to apply them, at hand to treat a disease in its early 
stages, for it is then often possible to check and even exterminate 
it, whereas this may be impossible later. The most favourable 
conditions for the development of parasitic fungi are “heat” and 
“moisture.” Sunlight is an important factor in checking them, 
so that closely planted estates offer more favourable conditions 
for the spread of disease than where trees are planted wider 
apart, 
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FUNGICIDES. | 

Fungicides are plant poisons diluted to such an extent that 
they are harmless against the thick-walled tissues of the host 
plants but sufficiently strong to destroy the tender fungus tissues. 

The following fungicides have been selected from those 
which have given the best results in the treatment of fungus 
pests :— 

Bordeaux Mixture—tThis is usually prepared by dissolving 
copper sulphate in water and mixing this with lime water. The 
following proportions and mode of preparation have given 
generally satisfactory results: Weigh 2 lbs. of copper sulphate, 
and immerse this, tied up in a piece of sacking, in 8 gallons of 
water. Slake 1} Ib. of lime, add water in small quantities and 
stir until a perfectly smooth paste is obtained, then add 
sufficient water to make 8 gallons of lime water. This should 
be thoroughly stirred and when cool slowly mixed with the 
water in which the copper sulphate has been dissolved. Professor 
Pickering has recently suggested the following propecia as 
being more economical and quite as effective, viz, 2 lbs. of 
copper sulphate and 27 gallons of clear, saturated linne water. 
We have not experimented with this mixture, and should advise 
tests being made before applying it on a large scale. 

Potasstum Sulphide Solutton—Mix potassium sulphide, or 
what is better known as “liver of sulphur,” in the proportion of 
} lb. to a gallon of hot water, then add sufficient water to make 
9 gallons of the solution. 

Ammonia and Copper Carbonate } Ib. of 
carbonate of copper with 1} Ib. of culene a ammonia, and 
thoroughly dissolve in hot water; then add sufficient water to 
make 64 gallons of solution. 

Each of these mixtures may be applied with sprays fitted 
with nozzles which distribute the liquid in the form of a fine 
mist. 

FHlevea Canker—The fungus which is responsible for the 
disease known as “ Hevea Canker” belongs to the genus Nectria 
and is therefore nearly allied to that which produces “ Cocoa 
Canker.” Carruthers, in his report upon his investigations of 
the first mentioned disease, states * that he found it on almost 


* Circulars of the Royal Botanic Gardens, Ceylon, vol. ii., No. 29, 1905. 
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all parts of the tree except the young branches and the roots. 
He considers that “the external colour of the bark in places 
where the canker is present is in many cases different from that 
of healthy parts, but no actual colour can be given as typical 
of a canker spot. As a rule it is darker in colour and the surface 
of the bark somewhat different.” ... “The tissue under the 
outer bark, however, always shows by its colour when there is 
any considerable quantity of the canker fungus mycelium 
present, Instead of a bright clear yellow, as is found in the 
healthy bark of the Para rubber tree when cut, the colour of the 
cankered tissue recently attacked is of a dirtier yellow or even 
a neutral tint, and when the fungus has got complete hold the 
tissue is claret-coloured and not unlike the inside of the fruit 
wall of a ripe mangosteen. An important fact to be observed 
is that in those areas invaded by the mycelium of canker fungus 
no Jatex will be found at all.” 

As with many other fungi Nectria has two reproductive 
forms, and Carruthers states, with regard to the species under 
review: “ The spores are of two kinds ; the first spores produced, 
which are called ‘Conidiospores, are of a whitish-grey colour 
in mass, and look somewhat like thick white mould. Later on, 
and produced at the same places, pushing their way out from 
behind the conidiospores, are the perfect fruits of the fungus 
or perithecia, which are characteristic of the groups Nectria, to 
which the fungus belongs. They are, when seen with the naked 
eye, like grains of red pepper, sometimes a mass of them occupy- 
ing a space as big as a 10 cent piece, or even bigger. When 
looked at through a Jens they will be seen in shape not unlike 
minute strawberries, some ten to fifteen making a mass about 
equal in size to a pin’s head; they are roundish with a point 
when fully formed.” The method suggested for combating this 
disease is the excising away of diseased tissues with a sharp 
knife and burning them on the spot. Asa preventative measure 
trees in infected districts might be sprayed with Bordeaux 
mixture, which would render the parts sprayed immune from 
infection so long as the copper sulphate is present. It would be 
advisable to keep trees from which diseased parts have been 
excised under constant observation for a few months, for if 
any mycelium has been left behind the disease would probably 


reappear. 
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In 1903 the Ceylon Government Para rubber plantation 
was badly infected with canker ; the following year it was placed 
in the hands of the Mycologist for treatment, some 6,000 trees 
fourteen years old being destroyed. In 1906 it was reported 
that the whole plantation was in good condition, so it would 
therefore appear that when proper steps are taken this disease 
may be checked. 

“ Die Back.’—This disease principally affects trees about one 
year old. It usually commences near the top of the plant, and, 
unless the diseased portion be cut off, travels down the stem and 
completely kills the whole plant. - Petch has discovered a fungus 
on diseased areas which he has described as Gleosporium albo- 
rubrum, Petch, but he states that his infection experiments 
with this fungus have been unsuccessful. Tocheck the spread of 
this disease, it would be advisable to cut off all infected parts of 
the tree and burn them. He also found a species of the same 
genus, G. drunneum, on young Hevea seedling leaves which had 
turned yellow and dropped off. 

This genus is of considerable importance from a pathological 
point of view, as its.members are responsible for the following 
well-known diseases: “Grape Rot,” “Banana Anthracnose,” 
“ Apple Rot,” “ Plane-leaf Scorch,” and “ Raspberry Spot.” 

Hevea Stump Disease—Hevea stumps, both in Burma and 
Ceylon, have been attacked, according to the same observer, 
by Botryodiplodia elastica, Petch. In each case the plant had 
been attacked by this fungus at the collar. He suggests, as it 
probably enters the stem through injuries made during 


planting, that plants should be raised in baskets or seed sown - 


to stake. 

Decay tn Tapped Areas.—Petch has observed three.instances 
where the mycelium of Pleurotus angustatus, B. and Br., had 
travelled from the decayed portion in the trunk caused by 
tapping, to the sound wood. 

Wound Parastte (Cortictum javanicum, Zimm.). — This 
fungus is reported to attack a large number of different trees, 
Hevea included, in Java, Straits Settlements, India, and Ceylon. 
Its presence may be observed by a lilac-pink coating on the stem. 
The bark and cortical tissues are destroyed, and cankerous 
wounds are often caused by it. Combative methods similar 
to those suggested in regard to Hevea canker would probably 
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give beneficial results. A closely allied species, C. comedens, 
ries, is parasitic on young oak branches. 

Root Diseases.—lHomes semitostus, Berk., has been found 
attacking Hevea roots both in Ceylon and the Straits Settle- 
ments. Petch states:* “ Homes semttostus always develops first 
on jungle stumps, and spreads from them to the Hevea by 
means of white threads in the soil. There is no case in Ceylon 
of a direct attack on Hevea, and the fructification has never been 
found on Hevea in Ceylon, except in the case of those cultivated 
for the purpose at Peradeniya. The spores of the fungus are 
blown on to the jungle stump and develop there until the stump 
is partly consumed. The mycelium then spreads to the neigh- 
bouring trees, and at the same time advertises its presence by 
producing its fructification on the stump. I have never found 
any difficulty in deciding which stump the fungus originated on. 
The method of prevention is obvious, though it may be expen- 
sive. Jungle stumps must be removed.” 

“The fruiting portion of /omes semitostus is a broad, flat, 
rounded plate often very irregular in form, usually reniform, 4 to 
6 inches across, and of an orange-red colour beneath, paler above, 
where it is marked with rings and fine striz; beneath can be 
seen with a lens the honeycomb-like structure of the hymeneal 
surface. The texture of the fungus is tough, and it possesses a 
strong mushroom-like scent.” + 

Several species of fungi belonging to this genus cause various 
tree diseases, the best known being “ Root-rot of Conifers,” 
“Tinder Fungus,” and “Gooseberry Polyporus.” In addition to 
destroying all tree stumps in the neighbourhood, and infected 
Heveas, the ground in which the latter were growing should be 
isolated by encircling it with a narrow trench to prevent the 
mycelium spreading. 

In the Straits Settlements, a fungus (/lelzcobastdium sp.) has 
been found attacking the roots of the tree. A species of the 
same genus is reported by Massee to be very destructive to 
mulberry trees in Japan. This fungus rapidly spreads from tree 
to tree by the agency of strands of mycelium in the soil. Should 


* “TY ectures and Discussions on Rubber Cultivation and Preparation, 
Ferguson, 1906. 
+ Ag. Bull. of the St. Settlements and F.M, States, May 1904. 
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this disease appear on a plantation, its spread may be checked 
by digging a trench about a foot deep around each affected tree, 
throwing all soil taken from the trench within the circle and 
dusting it with powdered sulphur. 

Trees destroyed by the fungus ought not to be allowed to he 
rotting on the ground, but should be burned, as they form hot- 
beds for the propagation and dissemination of the disease. 

In the Malay States also a fungoid root parasite has been 
found attacking the roots of some trees. 

Mr Stanley Arden says: * “ There has been some discussion 
as to whether the loss of trees is attributable to this fungus or to 
the ravages of the white ants, or to both, but in the large majority 
of trees I have examined, neither one nor the other could be 
said to have killed the tree. Had_the trees been killed by the 
fungus there would doubtless have been some indication of its 
presence some time previous to the tree falling over; but, as 
already stated, at the time of falling the trees generally appeared 
to be in a robust condition, and I incline to the belief that the 
fungus had prepared the way for the ants, which by eating away 
the heart of the trunk had caused the trees to fall simply for 
want of support.” 

Leaf Dtseases—According to Petch, “the commonest leaf 
fungus of Hevea is that of ‘Grey Blight, Pestalossta guepint, 
Desm.; this is comparatively harmless on leaves but kills the 
seedling when it attacks the stem at the collar; the diseased 
patch usually takes the form of a white ring surrounding the 
stem, bordered by a purple-brown line.” 

It is important to remember that this is one of the most 
destructive parasitic fungi which attack the tea plant both in 
India and Ceylon. Massee states: “As the mycelium is not 
perennial in the tea plant, if all affected leaves were collected 
with the amount of care and intelligence exercised in collecting 
sound leaves, and burned at once after being collected, the 
disease would soon be stamped out.” 

Another fungus which attacks Hevea leaves is Helmenthe- 
sportum hevee, but though abundant is of less importance than 
the previously mentioned species. This causes small round 
transparent spots on the leaves; these spots are usually 


* Report on Hevea brasiliensts in the Malay Peninsula. 
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surrounded by a brownish protuberance from which the repro- 
ductive form of the fungus is produced. 

With a view to extermination all infected leaves should be 
collected and burnt, 


INSECT PESTS. 


Healthy Hevea trees are to a very large extent self-protected 
from insect attacks by the viscid latex which exudes when the 
bark or epidermis is injured. In the majority of instances where 
bark-cating beetles have proved injurious to Heveas it has been 
observed that the tree’s vitality had been first lessened through 
some other cause, Green placed a number of Longicorn bark- 
cating beetles in a large cage, together with a healthy young 
Hevea plant. They bit the bark of the plant, causing the latex 
to flow over their mouths, which they did not appreciate. They 
relinquished the attack and endeavoured to clean away the 
viscous fluid. During seven days’ confinement without food no 
further attempt was made to feed on the plant. But upon 
being placed in another cage with partially dried rubber plants 
and twigs of non-laticiferous trees they commenced ta feed 
voraciously. 

Although it has not been definitely decided whether latex 
does or does not play an important part in the nourishment of 
Hevea trees, there is not the slightest doubt that it is a valuable 
factor in protecting the plant from insect pests. It is therefore 
imperative, if advantage is to be taken of this natural protection, 
that the tree should be maintained in a healthy state and not 
denuded of latex through over-tapping. Wood exposed by 
careless tapping is devoid of latex and consequently more 
susceptible to insect attacks, as also are seedlings which, in 
process of transplanting, have been allowed to wilt either through 
being left out of the ground for a long time and their roots and 
leaves unduly exposed or are planted during protracted dry 
seasons without irrigating. 

It is important to bear in mind that many insects pass 
through three stages. From eggs are hatched caterpillars or 
grubs. These eventually change to a pupal or resting stage, ze., 
chrysalis, from which the “perfect insect” (butterfly, moth, or 
beetle, &c.) emerges. It is generally in the larval or caterpillar 
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stage that a particular insect is most destructive. It will, how- 


ever, be readily recognised that where a butterfly, moth, or’ 


beetle is known to be the parent of a troublesome grub every 
possible means should be employed to destroy it. In the same 
way by studying the life-history of a destructive insect it is 
sometimes possible to check its ravages by destroying its eggs. 
Night-flying moths and beetles may be trapped by placing 
vessels containing thick sweetened matter such as molasses near 
lights. Many boring beetles may be trapped in this way. 

Termites—‘ White ants” (7ermes gestroz, Wasm.).—Although 
termites have proved destructive to Hevea in the Malay 
Peninsula and in India, it is reported that they have never been 
known to attack this tree in Ceylon unless it had been previously 
debilitated by a fungus or some other factor. 

The manager of the Government rubber plantation, Mergui, 
reports that he had three trees, 1 to 2 feet in girth, dug up, 
on which the termites had just begun operations. The roots 
and trunks appeared perfectly sound, but the bark at the base 
and on about 14 foot of the portion underground was perforated 
by the ants. In one tree attacked by white ants, having a 
circumference of 3 feet 6 inches, measured 3 feet from the ground, 
he collected 6 lbs. of rubber, apparently the result of the ants’ 
attacks. The.trunk of this tree was hollowed out to a height of 
7 feet. The same observer states: “ Termes gestrot seldom 
attack a Hevea under four years of age and I have never seen a 
tree under two years of age attacked.” 

White ants can be effectively exterminated by inserting 
carbon disulphide into their underground nests. This chemical 
is exceedingly volatile, and the fumes which it gives off are of a 
highly inflammable nature. Many shipping companies object to 
handle it, and consequently it is very expensive. An illustra- 
tion of an apparatus which is reported to have given general 
satisfaction in the extermination of white ants in South Africa 
is given (Fig. 5). It is placed on the market by Messrs P. 
Henwood, Son, Soutter, & Co., Durban, under the name of 
the “Universal Ant Destroyer.” It consists of an air-pump 
connected by a length of rubber hose with a small furnace. 
Glowing charcoal is placed in the latter, and a spoonful or so 
of the mixture (stated by Green to consist of white arsenic 85 
per cent. and sulphur 15 per cent.) supplied with the apparatus, 
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is thrown on the charcoal. When the pump is at work a current 
of air is forced into the furnace. The air enters the lower part 
of the furnace and drives out the poisonous fumes produced by 
the combustion of the powder through a hole near the top of the 
furnace with which is connected a second flexible tube. In 
practice the nose of the latter is placed in a gallery of an ants’ 
nest and the pump started. The fumes are driven into the 
galleries, and all crevices through which they escape should be 


Fic, 5.—“ The Universal Ant Destroyer.” 


stopped with clay. Two or three minutes’ treatment is usually 
sufficient, but if, when examined a week later, any living termites 
be found the treatment should be repeated. The apparatus 
costs about 44 in Natal. The Government entomologists of 
both Natal and Ceylon have tested it, and found it works 
satisfactorily. 

INSECTICIDES. 


In addition to fungicides, sprays, &c., a stock of insecticides 
should be stored by every Para rubber planter. 

Insect pests may be divided into three main sections— 
sucking insects, leaf-eating insects, and boring insects. 

Sucking Insects are those such as plant-lice (aphide), scale 
insects, and mealy-bugs, &c., which suck the plant juices by 
means of a slender tube which they insert into the tissues of the 
plant. To exterminate them it is necessary to apply what are 
known as “contact-poisons” which destroy the insects when 
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they come in contact with their bodies. The following are 
amongst the most generally used “ contact-poisons ” :— 

Kerosene Emulston.—This is prepared by dissolving “hard 
soap in the proportion of 1 lb. to every 2 gallons of boiling water. 
When thoroughly mixed, and while the water is still hot, 4 gallons 
of kerosene are slowly added for every pound of soap, and the 
mixture thoroughly churned with a force pump or syringe until 
it forms a cream. This is the stock solution, which previous to 
application should be diluted with 66 gallons of soft water. 

Whale-oil Soap Solution is prepared by mixing whale-oil 
soap at the rate of } lb. to every gallon of water (boiling). 

Tobacco Solution is prepared as follows: Steep tobacco leaf 
at the rate of 1 lb. to every gallon of water for twenty-four hours, 
and afterwards strain througha cloth. Dissolve hard soap at the 
rate of 1 lb. to every 10 gallons of water. Mix the tobacco 
water and the soap solution at the rate of 1 gallon of the former 
to 10 gallons of the latter, and it is ready for use. 

Leaf-eating Insects. — Although contact-poisons will often 
destroy many leaf-eating insects, better results are obtained by 
poisoning their food. This is done by spraying the leaves of 
affected plants with arsenical and other solutions, which are 
termed “Stomach poisons.” Since the sucking insects obtain 
their nourishment from the interior tissues it will be obvious that 
it is impossible to poison them by this means. 

The following ‘stomach poisons” will generally be found to 
give the desired results :-— 

Paris Green may be effectively applied either as powder or 
made up intoa solution. By the first mentioned method it should 
be first mixed with twice its weight of starch, flour, or lime. 
Paris green solution is made by dissolving Paris green with lime 
at the rate of $ lb. of the former to 1 lb. of the latter to every 100 
gallons of water. 

London Purple may also be applied dry or in solution, and be 
prepared with lime, flour, or starch in a similar way and in like 
proportions to that suggested for Paris green. 

Boring Insects —Boring injuries to plants may either be 
caused by the “ perfect insect,” as in the case of some Longicorn 
beetles, or by their larva. Many beetles attack only dead stumps 
and debilitated trees. The remedy to apply in such cases has 
already been dealt with. 


Gra Ral BeRe VBL: 
LALIEX: 
FUNCTIONS OF LATEX. 


SEELIGMANN remarks:* “India-rubber is a hydrocarbide of a 
vegetable nature, extracted from the juice secreted by the 
protoplasm of a so-called primordial cellular tissue of a great 
number of trees, shrubs, and bindweeds of hot countries. The 
principal trunks of this tissue are situated in the internal zone 
of the bark, outside the liber of the bundles and their sclerose 
sheath when it exists. They send out numerous branches, some 
outwards, across the bark to the epidermis, where they terminate 
in a cul-de-sac; the others, less numerous, towards the interior 
cross the endodermis and the medullary rays, to the pith, 
around the periphery of which they diverge longitudinally. 
This carbide of hydrogen and its derivatives, the issue of the 
activity of the protoplasm, would not appear, at least according 
to certain naturalists, to be afterwards re-employed in the life of 
the plant, and is considered by them as a product of elimination, 
a reserve product, utilised by man in the arts and industries. 
Other men of science to whom we readily give in our adherence 
consider this carbide necessary, at least partially, to the life of 
the plant.” 

Scott decided, after investigating the laticiferous system of 
young Hevea seedlings from one to twenty-five days old, that 
the laticifers are definite vessels which have partition walls. 
The latter soon become absorbed, leaving continuous tubes. 
They are only found on the bast side of the cambium, from which 
they are formed in a continuous network. Latex is considered 
by some authorities to be excretory matter of no further use to 
the plant, so that if the whole of it could be extracted without 
damaging the plant’s structure, no harmful results to its health 


* “T © Caoutchouc et la Gutta Percha.” 
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would follow. Parkin writes :* “ Personally | am not inclined to 
look upon latex as playing an important part in nutrition, and 
should imagine that if it were possible to extract all the latex 
from such a tree as Hevea brasiliensis without greatly injuring 
the other tissues, it would not be seriously harmed.” 

It is, however, only reasonable to suppose that latex is of 
some utility, if only a minor one, to the life of the plant, especi- 
ally in view of the vast number of plants which contain it. As 
the greater majority of these are either tropical or xerophilous 
types, such as many Euphorbias, Asclepiads, and Dogbanes, it 
is possible that one of the main functions of latex is to protect 
the plant from too rapid transpiration. We are therefore led 
to wonder whether, if Hevea were cultivated in a hot dry region 
under irrigation, it would yield greater quantities of rubber than 
in districts where more atmospheric moisture is obtained. Latex 
is more abundant in Hevea trees when rains are plentiful, but 
it is not so rich in caoutchouc as during dry weather. Latex 
has certainly a beneficial effect in protecting the plant from 
certain bark-eating insects. Longicorn bark-eating beetles have 
been observed to attack the living bark of Heveas and immedi- 
ately relinquish their efforts when the viscid latex commenced 
to flow, although no other food was available. Were trees 
drained of their latex they would obviously be more susceptible 
to the depredations of such pests. , | 

Numerous instances are on record where the foliage-bearing 
portions of Hevea trees have been broken off by wind, or 
deliberately cut down so that nothing but the trunk remained, 
and, although no foliage has been produced for several years, 
they have yielded latex from which rubber of good physical 
properties has been manufactured. 


CHEMICAL AND PHYSICAL PROPERTIES OF LATEX. 
As far back as 1826 Faraday analysed the latex of Hevea 
which was sent to Europe from Brazil, and found the following :— 


Per Cent. 
Gum elastic - - - - - - 37.70 
Albuminous matter - - - - - 1.90 
Bitter nitrogenous colouring principles - - - “59 
Substances soluble in water - - - 2.90 
Wax - - - : - - - sis 
Water slightly acid - - : : - 56.37 


* Circular, Royal Botanic Gardens, Ceylon, p. 114, June 1899. 
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Seeligmann, doc. czt., gives the following results of an analysis 
made of fresh latex collected from a Hevea tree, twenty-five 
years of age, in Brazil during the year 1888 :— 


Per Cent: 
Elastic matter - - - . : 32.00 
Nitrogenous organic matter (putrescible) _ - : 2.30 
Mineral salts, sodic and calcic (no magnesic) : 9.70 
Resinous bodies - - - - - traces 
Water, slightly alkaline - - - 55.0 to 56.00 

100.00 


This latex was obtained from a gash made in the trunk of 
the tree about 20 inches from the ground. Its density was 0.919 
at 57.2° Fahr., and the caoutchouc globules measured on an 
average 3.51 micromillimetres. 

Kelway Bamber found fresh latex obtained from cultivated 
mature Hevea trees when first tapped during more or less dry 
weather contained :— 


Per Cent. 
Caoutchouc - - - : - - 32.00 
Nitrogenous matter - - - : a riZi08 
Mineral 3 . - - - -; 9.07 
Resinous is - : - = (2.03 
Water faintly alkaline ~ - - : - 155.56 

100.69 


It would be interesting to know the cause of the compara- 
tively large difference between the caoutchouc content of the 
latices examined by Faraday and Seeligmann. It is significant 
that after cultivated Hevea trees have been tapped several times 
the percentage of caoutchouc in the latex has been found to 
considerably decrease. Ina series of tapping experiments con- 
ducted at the Singapore Botanic Gardens, a tree with a girth of 
112 inches gave from the first period of tapping (spiral method) 
2654 oz. of latex, from which g lbs. of rubber were obtained ; 
from the second period of tapping, one month later, the tree 
yielded 433 oz. of latex which only gave 4 lbs. 15 oz. of rubber. 

Kelway Bamber is reported to have stated at the Ceylon 
Rubber Exhibition (held in September 1906): “In all the latex 
sent to me recently and from what I hear from planters, the 
latex does not now equal that portion (ze., 32.00 per cent. of 
caoutchouc), and the caoutchouc has in some instances gone 
down to 15 per cent. or less”; and, “I: think the amount of 

i 


66 PARA RUBBER. 


caoutchouc at present is practically permanent, but the amount 
of water in the latex has largely increased, as you see in the 
wound response.” 

Wright observed at the same Exhibition that some of the 
Heneratgoda trees when first tapped yielded latex which con- 
tained only 30 to 50 per cent. of water, whereas when the renewed 
bark was tapped the latex often contained as much as go per 
cent. of water. Although, as pointed out above, the extra amount 
of latex produced is said to have kept the yield of caoutchouc 
constant, the subject merits serious attention. 

The practical man will naturally be desirous of ascertaining 
to what extent this shrinkage in the caoutchouc content of the 
latex is likely to occur, and whether it is likely the trees will 
continue to yield a compensating amount of latex. Other ques- 
tions which require solution in connection with this problem are, 
is this decrease of the percentage of caoutchouc due to too early 
tapping or over-tapping, and can it be remedied by manuring? 

Rubber is present in latex in the form of minute globules 
two to three micromillimetres in diameter, similar to the butter 
fat in animal milk. 

Resinous matter is also present, and this produces the brittle 
character common to many inferior rubbers. 

Para latex obtained from the trunk of mature trees contains 
a very small proportion of resin, but it is more abundant in the 
latex of young trees and young branches. 

The colour of the latex varies in different trees from pure 
white to pale yellow. This coloration is imparted by the rubber 
globules, as the solution in which they are suspended is practic- 
ally colourless. 

When fresh it is quite inodorous and almost tasteless, but 
acquires a foetid odour on exposure to the air, due to the action 
of bacteria on the putrescible nitrogenous matter present in the 
latex. 

Latex on issuing from the tree has almost invariably a 
decidedly alkaline reaction but later assumes an acid character. 


STORING LATEX. 


Hevea latex when left exposed to the atmosphere rapidly 
decomposes owing to the action of bacteria, the proteids coagulate 
and carry down with them the caoutchouc globules. 
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If it be desired this process can be retarded by adding 
ammonia or formalin. Although both these reagents produce 
the desired effect, their action on the latex is entirely different. 

The ammonia does not prevent decomposition but neutralises 
the acids formed by the action of the bacteria, whereas formalin 
prevents decomposition by antisepticising the albuminous matter 
and thus preventing the growth of bacteria. 

The amount of ammonia required can be ascertained by 
testing with litmus paper till a neutral solution is obtained. 
Weber suggested the addition of } 0z. to 1 oz. of formaldehyde 
(40 per cent. solution of formalin) to every gallon of latex to keep 
the proteids inactive. 


CHAPTER x. 


COLLECTING WHE SIA a 


TAPPING, 


“TAPPING” is the name given to the process employed for 
extracting the rubber-containing fluid, or latex, from rubber- 
producing trees and plants. It consists of cutting the bark in 
various ways sufficiently deep to penetrate to the latex-bearing 
vessels. 

It is highly essential that this operation should be conducted 
in a manner that will give the maximum quantity of latex, and 
at the same time cause the minimum amount of damage to the 
health of the plants operated on. If the wood of the tree be 
damaged the upward flow of sap is checked, and consequently 
also the growth of the tree. No hard-and-fast rule can be laid 
down as to the exact age a tree should be before it can be safely 
tapped, as, generally speaking, the size, and not the age, of the 
tree indicates when it can be safely tapped. It has been proved 
beyond doubt that tapping may be conducted with perfect safety 
when a tree has produced a girth of from 20 inches to 2 feet at 
3 feet from the ground. Where Para rubber trees have been 
erown under satisfactory conditions, they have attained this size 
in six or seven years from date of planting. 

I have seen trees in Ceylon quite large enough to be tapped 
five years from the date that they were planted out. 

Rubber is obtainable from young plants and seedlings, but it 
is inferior in quality to that produced by mature trees, as it 
usually contains a larger percentage of resin; and, moreover, 
methods have not been yet discovered by which it can be 
procured in sufficient quantity to make the collection of it a 
remunerative undertaking. 

Although latex is produced by practically every portion of 
the fundamental tissue of the Para rubber tree, the greatest 
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quantity is yielded by the lower portion of the trunk, and it is 
doubtful whether any great advantage is gained by tapping 
higher than about 8 or 9 feet from the ground ;° moreover, latex 
obtained from the young branches contains a greater percentage 
of resin than that from the trunk. 

The methods employed in tapping rubber trees are extremely 
varied. 

The rubber collectors in the Amazon valley use a small axe 
with a wedge-shaped blade about 1$ inch wide. With this 
they make an upward cut into the bark of the tree, and im- 
mediately fix beneath the cut a small cup, by means of clay, to 
collect the latex as it flows from the injured portion. 

The native collectors in West Africa cut a long perpendicular 
channel in the bark of the tree, and then smaller transverse 
channels leading into it. The instrament generally employed is 
a grooved chisel. At the base of the perpendicular incision a 
receptacle is placed to catch the latex. 


TAPPING IMPLEMENTS. 


Numerous methods of tapping have been evolved since the 
establishment of the Para rubber industry in the East, but far 
more numerous are the implements placed on sale as being suit- 
able for effecting these processes. A certain number of these 
implements are useful, but by far the greater number are not, 
and some of the latter class lead one to doubt whether the 
inventors have even seen a rubber tree. One of the first knives 
employed by rubber planters is shown in Fig. 6, ze, the Eastern 
Produce and Estates Company's tapping knife. It is compara- 
tively little used at the present day, as it has been superseded 
by implements better adapted to the new methods in vogue. 

The handle of this instrument is made of wood and the 
remaining portion of steel. It is operated with both hands; one 
holding the handle and the other the neck of the instrument. 
Tapping is effected by making a downward cut, the wedge- 
shaped cutting portion of the instrument acting as a safeguard 
against penetrating too deeply into the trunk of the tree. By 
the agency of this instrument, and provided its cutting edge be 
maintained sharp, a thin wedge-shaped piece of bark can be cut 
out of the trunk with very little difficulty. 
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One disadvantage in the use of this instrument is that pieces 
of bark get jammed in the apex of the triangular cutting portion 
and cause it to split. It is patented by the Eastern Produce and 
Estates Company, Ltd., 41 Eastcheap, London. 

The following specification of the patent taken out for the 
instrument is given here as it 
appears in the Jxdza-rubber 
Journal of February 1904 :— 


Patent No. 25,973 (1903). Date 
of application, 27th November 1903. 
Accepted, 17th December 1903. The 
Eastern Produce and Estates Com- 
pany, Ltd., 41 Eastcheap, London, 
merchants. 

It is well known that india- 
rubber is the exudation of a tree, 
and is usually obtained by “tap- 
ping” or “bleeding” the tree by 
making slits, grooves, or cuts in the 
bark, generally in a slanting direc- 
tion. As the gum exudes from the 
tree and flows down to the lower 
end of each incision, it is received 
into a small can or other vessel at- 
tached to the tree for that purpose. 

It is most important that the 
“tapping” or “‘bleeding” operation 
should be carefully and properly 
performed, or the health and pro- 
ducing properties of the tree might 
be affected, or the tree might be 
killed. For example, the depth of 
the slits, grooves, or cuts should not 
be excessive, and the lower ends 

Fic. 6.—An Implement for Tapping — of two adjacent incisions should not 
Rubber Trees. meet or intersect, but should be 
stopped short before forming a 

complete V at the point of attachment of the collecting can or other vessel. 

The implement forming the subject of this present invention enables the 
“tapping” or “bleeding” 
expedition without endangering the life or health of the tree. 

In the accompanying drawing Fig. 1 illustrates the implement in side 
elevation, Fig. 2 is a view looking from right to left in Fig. 1, and Fig. 3 is 
a projection of the underside of the cutting end of the implement. 

a is a wooden or other handle of suitable size and shape, preferably 
furnished at one end with a stabbing or piercing point 4 for the purpose of 


operation to be performed with facility and’ 


SOLEECITING THE LATEX. 71 


making an initial incision in the bark of the tree before employing the 
cutting device which is mounted in the other end of the handle a, and 
consists of a haft or stemc preferably of a curved shape as shown, its cutting 
end standing at an angle to the haft or stemc. The cutting device proper 
is of a hollow wedge or triangular shape as shown, the cutting edge being 
at dand e. 
_ It has been found that this implement may be placed in the hands of 
natives and unskilled labourers with much less danger of the trees being 
damaged or killed than when knives or cutters of other known shapes are 
employed. 

It is obvious that the above-described implement is also applicable for 
“tapping ” or “bleeding” other trees than those yielding india-rubber. 


The Bowman-Northway tapping knives (Fig. 7) have found 
favour with a large number of planters in the East. 

The following particulars taken from a catalogue published 
by Messrs Walker & Co. of Colombo thoroughly explain their 
merits and the manner in which they should be manipulated :— 


How to use the Bowman-Northway Patent Rubber Tapping 
Knives. 

The No. 1 knife is specially designed to make the first groove 
when tapping old trees, which have a greater thickness of bark 
than young trees. It is used much like a plane, the head being 
suitably adjusted to shave the bark gradually. As soon as the 
proper depth is reached, the white coloured bark appears, and 
this becomes lighter and lighter the nearer you get to the 
cambium, so that by practice it is possible to tell when the right 
depth has been cut. 

Young trees are more difficult to cut to the correct depth 
than old ones, as the white bark next to the cambium, mentioned 
above, is very thin indeed; it is therefore advisable, under 
these circumstances, to use the No. 2 knife from the start, and 
eradually reach the depth necessary by successive parings. 

The No. 2 knife is used for paring the lower edge of the 
sroove originally made with either No. 1 or No. 2, and when in 
use should be held so as not to make the cut deeper than the 
previous ones, which is effected by holding the knife at the 
proper angle. Leaning the knife over to the right makes the 
cut deeper, while leaning it over to the left reduces the depth, 
the object in every case being not to cut deep enough to touch 
the cambium. The No. 2 ‘knife is provided with a guard or 
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detachable steel blade which is designed to prevent cutting into 
the tree while regulating the thickness of the bark to be pared 
off, and this blade can be supplied in different widths as required, 
or can be filed down on the cutting sides of the knife so as to 
give wider cutting edges if required. These knives are usually 
supplied with a very narrow cutting edge so as to pare or shave 
off as thin a slice of the bark as possible, and therefore will not 
cut if scrap is left on. New coolies unaccustomed to using these 


FG. 7.—The “ Bowman-Northway” Tapping Implements. 


knives force them to pare over scrap. To prevent this it is 
best to use knives fitted with a narrow guard, or the cuard filed 
as recommended above to allow for working over scrap. Coolies 
should be instructed to use both sides of the cutting edges of the 
knife alternately, cutting from the lowest point up half way or so, 
and from the top downwards. They should also be instructed 
to remove shield and cut without, carefully, when knots, &c., have 
to be tapped over. 

No. 3 knife is a puncturing tocl. Its object is to puncture 


a 
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the under bark and cambium to cause flow of the latex attracted 
there by the use of No. 2 knife. 

The Michie-Golledge “Tapping Tool” (Fig. 8) is one of the 
simplest and most effective implements on the market for tapping 
rubber trees. It is supplied in two sizes, and we have found the 
smaller size the more useful ; it is not 
difficult to manipulate, and can be ex- 
peditiously sharpened. The following 
particulars given in regard to this, 
the Macadam “Comb” pricker, and 
the Miller tapping knife are also 
taken from Messrs Walker’s catalogue. 

This tool is perfectly simple in 
operation and requires no adjustment. 
It pares from the bottom and side edge 
of cutting, just the thickness required 
and no more. It does first cutting, 
paring, and channel cutting cqually 
well and. clean, and as it admits of 
the operator reversing his action, it is 
especially useful for high and low cut- 
ting without change of position. 

The Michie-Golledge rubber tap- 
ping tool should be kept sharp and 
to the original shape, to ensure the 
most satisfactory results. 

Setting. —To set the tool a small 
key warding file and a piece of slate 
is all that is necessary—a fine cutting 
edge can be put on in a few minutes. 

Dressing.—After several months’ FIG. 8.—The “ Michie- 
constant use, it will be necessary to  Golledge” Tapping Tool. © 
dress the tool, as it is not likely that 
the cutting edges will get equal wear. To do this, heat the end 
of the blade to take out the temper and then file the tool to 
original shape with a small smooth file and then retemper. 

This tool is Sheffield made throughout. Length of blade 
and shank 6 inches, and beech-wood handle with brass ferrule 
6 inches. | 

The “Miller” knife (Fig. 9) is one of the “simplest” and “safest” 
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knives on the market. It is made in one piece only, which in 
itself is a great advantage. There are four cutting edges, so 
that the knife can be used as a push or draw tool for paring 
right or left. 

The cutting edges are protected from paring a thicker shaving 
than is necessary, at each tapping operation, by a 
guard which is part of the knife and which cannot 
be removed by the operator. 

A modified form of the “ Christophe” tapping 
implement (Fig. 10) can be safely recommended, 
more especially for making the V-shaped incisions 
and the initial incisions in the spiral and herring- 
bone methods of tapping. This implement is made 
of metal, and is supplied with three adjustable 
blades and a movable guide which may be regu- 
lated to suit the various thicknesses of bark found 
on different trees, and thus prevent the tapper 
injuring the cambium tissue. In our experiments 
with this knife we have found that the guide 
confused the tappers, and better results were 
obtained when it was removed. The smallest size 
blade is preferred, as the larger sizes cut away an 
unnecessary amount of bark when making the 
initial incisions, and are rather too clumsy for 
shaving off thin layers of bark in subsequent 
operations. 

It is impossible to specify which of the tap- 
ping implements on the market is the best 
adapted for tapping operations, in view of the 
different methods of tapping in vogue, and the 


FIG. 9. different opinions expressed by planters in regard 
Miller’s Patent to the same implement. 
Tapping and One of the cardinal requirements of a good 


Paring Knife. tapping’ knife is simplicity. Elaborate contri- 
vances for regulating the depth of the incision 
only confuse the tappers, and, when possible, are removed 
by them immediately a favourable opportunity occurs. As 
the depth of the original tappable bark on the trunk varies in 
different trees from }$ to } inch, it is obvious that a standard 
depth of cutting blade cannot be adopted ; nor is it likely that 
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native tappers would employ different knives suited to the thick- 
ness of the bark of various trees, even were a series of knives 
specially adapted to the bark requirements of individual trees 
supplied to them. 

Implements for making the first incisions should excise the 
least possible width of bark compatible with the formation of 
a sufficient channel to 
allow the latex to flow 
down to the collecting 
vessel. It is essential 
that this implement 
should have a keen cut- 
ting edge to enable a 
clean cut to be made 
without its clogging or 
drawing and injuring the 
cortical tissues. Any 
simple, fixed, or easily 
adjustable contrivance 
for preventing undue 
injury to the cambium 
tissues during the initial | 
and subsequent tapping His 9 
operations is also a com- 
mendable attribute to 
a good tapping imple- 
ment. As it is neces- 
sary in the course of 
tapping operations to 
make incisions both in 
an upward and down- 
ward direction, and also Fic. 10.—Modified Form of the “ Christophe” 
from left to right, and Tapping Knife. 
vice versa, the cutting 
edge should, if possible, be adapted to each of these re- 
quirements. 

Various instruments have been devised for pricking the 
laticiferous tissues with a view of taking full advantage of 
“Wound Response,” which will be described later, and to con- 
serve the bark. The use of pricking tools is undoubtedly sound 
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policy, providing sufficient labour be available, and the market 
price of rubber permits of this method of tapping being profitably 
employed. / 

The Macadam“ Comb” Pricker (Fig. 11).—This tool is used to 
slightly prick or puncture the lactiferous cells and thus accelerate 
the flow of latex without loss of tissue. A steel comb or serrated 
steel plate is adjusted by a thumbscrew working on a back 


FIG. 11.—IThe Macadam “ Comb” Pricker. 


plate and is regulated to a nicety at will of operator. Fitted 
with double sheaved arch handle. Length of blade, 43 inches ; 
weight, 8 oz. 


THE LATICIFEROUS SYSTEM OF THE PARA RUBBER TREE. 


Before reviewing the various methods of tapping in vogue, it 
will be advisable to study the laticiferous system of the Para 
rubber tree, z.e., the vessels containing the latex in which the 
rubber is present: 

The majority of the laticifers (latex-containing vessels) in 
the trunk of the ‘ree are situated just outside the vascular 
system, ze. the cambium tissue between the bark and the wood. 
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It is therefore evident that an incision should reach this portion, 
in order to secure a good supply of latex; but it should not 
penetrate to the wood of the tree, as such a wound takes a long 
time to heal, and serious damage to the health of the tree is 
likely to accrue. 

The laticifers traverse the bark principally in a longitudinal 
direction, and with very little lateral communication, so that a 
transverse incision will tap more vessels than a longitudinal one. 
Latex is, however, more easily collected from an oblique cut 
than from a-horizontal one, as from the latter it tends to flow 
over on the bark at more than one point, and some is liable to 
be wasted ; whereas, it is an easy matter to collect latex flowing 
from an oblique cut by fastening a collecting vessel at the lowest 
point. 

The best time of the day to tap likewise requires considera- 
tion, as the flow of latex varies considerably during different 
periods of the day. In practice, it has been proved that the 
flow of latex is most copious during the early morning and in 
the evening, a fact accounted for by some observers by the effect 
of the sun’s heat on the latex. 

It is, however, probably due more to the fact that the tension 
of the plant’s tissues varies at different periods of the day, and 
corresponds to the quantity of water being transpired by the 
plant. 

Transpiration is at its maximum during the early portion of 
the afternoon, and tension is thereby lessened by the diminishing 
of the water in the plant vessels ; consequently the flow of latex 
is much slower at this time of day. 

Transpiration diminishes during the evening, and the flow of 
latex is then more abundant, but is, as one would naturally infer, 
still more abundant at daybreak. 

In the Amazon valley, the native collectors never tap the trees 
when they are in flower, giving as a reason that the amount of 
rubber then obtainable is much less than at other times; and 
this curious phenomenon has been proved to obtain in the trees 
cultivated in the Botanic Gardens, Singapore. 

The flow of latex is more abundant during wet weather than 
in dry, and a heavy shower of rain will materially affect the latex 
flow on two successive days. 

As previously pointed out, the object to aim at in tapping is 
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to obtain a maximum amount of rubber from a tree at a 
minimum cost, and at the same time inflict a minimum amount 
of injury to its vitality. 


FLOW OF LATEX INCREASED BY WOUNDING THE TREE. 


Tapping experiments prove that the amount of latex yielded 
generally increases day by day until about the seventh day, and 
then gradually decreases ; but the length of the period which 
must elapse before the maximum yield is obtained will naturally 
vary considerably in different places, and even trees on the same 
plantation behave differently. 

In some cases the maximum yield is obtained as early as the 
third day, but in other cases not until the fourteenth. 

The extraordinary manner in which the flow of latex is 
accelerated by wounding the tree is well known to the native 
collectors in Brazil, who state that the rubber trees do not yield 
satisfactorily until they are “accustomed” to being tapped, 
Wounding increases the flow of latex towards the injured portions. 
so that it is advisable that successive tappings should be adjacent 
to preceding ones, in order to take advantage of this curious 
phenomenon. 


WHEN TO sag, 


Tapping should take place either during the morning or the 
evening, but preferably during the morning, as the flow of latex 
is then more abundant. On no account should tapping take 
place during the heat of the day. 

Before commencing operations the trunk of the tree must be 
thoroughly cleared of all dirt, loose bark, or plant growths, to a 
distance of 6 feet from the ground. 

Mr Ridley reports* that he was informed by M. Bonnechaux, 
a man of great experience in the rubber business of the Amazons, 
and who had spent some time among the Serengueiros investi- 
gating their methods and collecting notes and observations on 
all subjects connected with Para rubber, trees there are tapped 
for 180 days continuously and then allowed to rest for six 


* Straits Settlements Agricultural Bulletin, vol. ii., p. 44. 
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Fic. 12.—Relative Size and Position of V-Incisions (about one quarter natural size). 
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months, and seem so little the worse that he (M. Bonnechaux) 
declares he knows of trees which had been tapped thus for eighty 
years. The same writer states* that trees have been tapped off 
and on during fifty years, and still yield a plentiful supply of 
latex. 

It is impossible to lay down any hard-and-fast rules regarding 
the time which should elapse between each successive tapping, 
as this must necessarily depend upon the amount of damage 
done to the trees by tapping and their general health. It is not 
so much the loss of latex which is injurious to the tree as the 
amount of wounding required to obtain it. 


V-SHAPED INCISIONS. 


What is known as the V method of tapping is the one which 
was first generally adopted by Ceylon planters. 

On commencing operations, a row of V-shaped incisions is 
made in the trunk of the tree at about 6 feet from the ground. 
The sides of the V’s are about 6 inches long, and about the 
eaine distance apart at the open end. A space of 5 or 6 
inches is left between each V. 

A small vessel, usually made of tin, about 2 inches by 2 
‘inches and capable of holding about 6 ounces of latex, is fixed 
at the apex of the V to collect the latex by pressing the edge of 
the tin into the bark. On the following day another row of 
similar incisions is made 5 or 6 inches below the last, and so 
on each succeeding day until the base of the tree is reached. A | 
second series of similar incisions is then made within the first, 
commencing at the top row ; this is continued as before, one row 
each day, until the base of the tree is again reached. Sometimes 
a third and even a fourth series of inner V’s is made. But the 
extent of tapping is regulated by the size of the trees operated 
on, and the quantity of latex obtainable. On some estates the 
trees are tapped once and on others twice a year. 

A modification of this method suggested by the writer in 
‘1904 in the first edition of this work is as follows :— 

A row of incisions similar to those shown on Fig. 12 should 
be made round the trunk of the tree about 1} inch apart, and at 


* Straits Settlements Agricultural Bulletin, Dec. 1901. 
F 
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about 6 feet from the base. The sides of these incisions should 
not exceed 3 inches in length, nor be nearer than 3 inches apart 
at the top. It is essential that they do not quite meet at the 
base, as pieces of bark are liable to be broken off by the junction 
of the cuts. Directly an incision has been made, a collecting 
vessel should be fixed at its base to collect the latex, which 
commences to flow almost immediately the tree is wounded. It 
is advisable to place a small quantity of water in each vessel to 
prevent the latex coagulating before it is taken to the curing- 
room. 

On the following day a second row of similar incisions should 
be made about I inch below the previous incisions, but alter- 
nating with them, and this should be repeated on each succeed- 
ing day until the base of the tree is reached. 

Tapping, according to these directions, limits the period of 
tapping to seventeen or eighteen days. 

The period during which Para trees are tapped on many 
estates frequently extends much longer than this, but I am of 
opinion it is much safer to tap a tree lightly and at fairly 
frequent intervais than to practically drain it at one tapping. 

Latterly, V tapping operations have been further modified 
by shaving away the bark from the lower surface of each side 
of the V. 

Where due care was observed to prevent injury to the cambium 
and wood the trees have suffered few ill effects from this method 
of tapping. The amount of labour required in connection with 
the fixing, emptying, cleaning, &c., of the large number of collect- 
ing cups which this method involves is doubtlessly one of the 
principal reasons why it has been largely superseded during 
recent years by other tapping methods. 


HERRING-BONE SHAPED INCISIONS. 


Native rubber collectors in the Gold Coast Colony have 
tapped indigenous trees (/ustumia elastica) by means of herring- 
bone shaped incisions for the last thirty years. The method 
first generally adopted by the planters in the Malay Peninsula 
for the extraction of rubber from their Hevea trees is known as 
the herring-bone system of tapping, and it is probably the one 
most generally adopted for tapping cultivated Hevea trees at 
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the present day. It consists of a central channel which may 
vary in length from 1 to 6 feet, into which shorter oblique 
incisions, alternating with each other on either side of the 
central channel, lead at an angle of about 45° and at distances 
varying from 9 inches to 1 foot apart. Subsequent operations 
consist in shaving the lower surface of the oblique incisions at 
varying intervals of time until the whole of the bark between 
the oblique cuts has been pared away. An objection to this 
method of tapping is that the amount of latex obtained from 
the excision of bark for the perpendicular channels is not 
commensurable with that yielded by the same amount of bark 
excised in an oblique direction, for the reasons previously 
explained. On the other hand its adoption effects a consider- 
able saving of labour as compared with the V method, as it 
is only necessary to place one collecting vessel at the base of 
each vertical channel. 

Some planters prefer to excise all the bark from one side of 
the perpendicular channel before commencing to tap the opposite 
side. Others elect to divide up the trunk of the tree into three 
or four divisions and excise all the bark from each division in 
rotation. Whichever modification of this system of tapping be 
adopted, its drasticity will obviously largely depend upon the 
care taken to protect the cambium and the wood, the quantity 
of bark pared away at each operation, and the period of time 
allowed to elapse between successive tappings. 


SPIRAL INCISIONS. 

What is known as the “Full Spiral” (vzde Fig. 13) is considered 
one of the most drastic methods of tapping yet evolved, but yields 
the largest amount of rubber in a specific time. This method of 
tapping is also reported to have been employed by Nicaraguan 
rubber collectors more than thirty years ago. Briefly stated it 
consists in making a series of spiral, parallel, incisions, about 12 
inches apart, round the trunk; these usually commence at a 
height of 6 feet from the ground and end at the base of the tree. 

The number of incisions on any particular tree is conse- 
quently regulated by the circumferential measurement of the 
trunk at the point where operations commence. Subsequent 
tappings are effected by shaving the bark off the lower side of 
the incisions. 
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It will thus be seen that the employment of this method 
likewise considerably reduces the work in connection with 
collecting cups as compared with the V method. 

Spiral incisions were much in vogue a few years ago, and 
enormous yields were obtained, but this was, in the majority of 
instances, at the expense of a disproportionate amount of bark. 

On several estates the whole of the bark up to a height of 6 
feet from the ground was pared away in one season. Such 
rapid excision of the cortex can only be regarded as pernicious 
to the tree's vitality and must adversely affect its future yield. 
Assuming that trees seven years old be tapped for the first 
time by this method, bark which has taken seven years to 
develop is demolished in one year, and it is unlikely that the 
new one-year-old bark will be as productive as that which it 
replaced. Such rapid excision is not by any means essential 
when spiral tapping is adopted, as the original bark on some 
estates, where this method is employed, is estimated to last for 
three years. 

To ensure the incisions being made at the proper distances 
apart, and .at the necessary angle, the positions for the initial 
incisions should be marked. Cut a piece of tin or similar 
substance in the form of a right-angled isosceles triangle, the 
side subtending the right angle being 2 feet long and the two 
equilateral sides 17 inches long. 

This guide should be pressed flat against the trunk at the 
height it is intended to commence operations, one of the 
equilateral sides being at right angles to the trunk, the line for 
incision being marked along the hypotenuse. By carefully 
removing and adjusting the guide, this line may be continued to 
the base of the tree. The line for the second incision may then 
be marked by placing the apex of the right angle of the guide at 
the origin of the first line, one equilateral side being parallel 
with the trunk and the other uppermost; the hypotenuse then 
indicates the correct direction for the second incision, which may 
be marked as suggested with regard to the first one. It will be 
now patent that a tree under 34 inches in circumference, at the 
height from the ground above which it is not proposed to tap, 
will only have one spiral incision, or in other words, one spiral 
incision may be made for each 17 inches of circumference at the 
height indicated. 
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Fic, 13.—Spiral Tapping. Fic. 13A.—Injurious Effect of 
Careless Tapping. 
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The “Full Spiral” method of tapping has latterly been con- 
demned by some planters on the ground that it is too drastic 
and too difficult of accomplishment by untrained coolies. See 
injurious effect of careless tapping (Fig. 13). 

Another form of spiral tapping is conducted as follows: A 
Vertical channel is cut for every 17 or 18 inches of the trunk 
circumference ; spiral curves, each 2 feet long, are cut leading 
into the vertical incision at a foot apart, the lower side of the 
spirals being afterwards shaved away as in the full spiral 
method. The isosceles-triangularly shaped guide can also be 
used for marking the initial curved incisions by arranging one of 
the equilateral sides parallel with the vertical channel. The 
hypotenuse again indicates the direction of the curve, the 
junction of each with the vertical being regulated at 1 foot apart. 

As with the herring-bone shaped incisions, it is only neces- 
sary to have one collecting vessel at the base of each vertical 
incision. A permanent spout may be fixed at the base of the 
latter to lead the latex into the collecting vessel, and obviate the 
injury caused by pressing the collecting cups into the bark 
which the tapping by V’s and similar methods entails. 

What may be described as the “ Half Spiral” tapping method 
may for all practical purposes be considered as identical with 
that last described, except that the vertical incisions are dis- 
pensed with. It entails the use of a larger number of collecting 
cups, as a separate vessel is required to be fixed at the base of 
each curve in order to collect the latex. 

This extra labour is, however, in a measure compensated for 
by the large yield in comparison with the amount of bark 
excised. 

PRICKING. 

With a view of conserving the bark, implements such as the 
Bowman-Northway puncturing tool marked No. 3 (Fig. 7), 
and the Macadam comb pricker have been used alternately with 
paring implements, and it has been stated that, comparing the 
yield of rubber with the amount of bark excised, the yield has 
been enhanced. The idea is to puncture the latex-bearing 
vessels near the cambium. It is found, however, that when this 


puncturing method is resorted to, the flow of latex from the 
succeeding paring is appreciably diminished. The importance 
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of economising the bark by such methods cannot be lightly 
estimated, but it seems extremely doubtful whether they can 
be profitably employed except when the price of rubber is 
abnormally high. 


VARIOUS METHODS. 


Where the bark of trees is too corrugated or knotty for the 
herring-bone or spiral system to be employed, short oblique or 
zigzag incisions can be made with advantage. 


GENERAL REMARKS ON TAPPING. 


Notwithstanding the numerous experiments conducted, 
apparently with a view to determine the best tapping method, 
few are of any real value to the practical planter, as the cost of 
tapping, collecting, and preparing the rubber is not stated, nor 
even the number of labourers employed in connection with these 
experiments. It is of comparatively little utility to the planter to 
learn that a given number of pounds of rubber have been obtained 
by the adoption of a particular method of tapping and the 
excision of so many square inches of bark. What is more im- 
portant for him to know is the method by which he can collect 
the maximum amount of rubber at a minimum cost, without 
unduly injuring his trees. It is obviously impracticable to risk 
the adoption of methods of tapping which entail the expenditure 
of a larger sum for labour than the marketable value of the 
rubber obtained. 

All persons interested in the cultivated rubber industry must 
appreciate the scientific value of some of these experiments. It 
may, of course, be argued that the planter could ascertain this 
for himself, but he rarely has either time or labour available for 
this purpose. 

At the present stage of the rubber planting industry it is 
impossible to state which of the tapping systems in vogue is the 
best, nor whether the best system has even been discovered. 

There is a vast difference of opinion as to whether some of 
the first adopted tapping methods, such as the V, will not prove 
more profitable than those more recently evolved, which necessi- 
tate the excision of the whole of the bark from the tapping area. 
The rapid destruction of the original bark which is so frequently 
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associated with the last-mentioned systems is certainly open to 
serious criticism. Ina large number of cases the whole of the 
bark from this area has been excised away in one year. It is 
perfectly unreasonable to expect that bark, one year old, will 
yield rubber equal in quantity and quality to that produced by 
the original bark. 

Latex is quickly renewed in the bark, but the production of 
a good percentage of caoutchouc in the latex takes a much 
longer time. As previously pointed out under the heading 
eatex, im one instance the percentage of water in the 
latex, obtained from renewed bark, was 90 per cent., whereas 
latex from the original bark contained only from 30 to 50 per 
cent. of water. Obviously, then, planters should endeavour to 
regulate their tapping operations in such a way that the old bark 
is not pared away until the new bark with its contents is mature. 
It should be borne in mind that the fusion of cells is going on 
daily in the secondary cortex by the breaking down of transverse 
walls, therefore the greater the age of the bark, under ordinary 
conditions, the greater the number of laticifers. 

With due care an inch of bark need only be cut away after 
from twenty to thirty parings have been made, so that it should 
be possible to tap a given tree seventy-five times a year and still 
take advantage of wound response. Excising the bark at this 
rate, it would not be necessary to tap the renewed bark until it 
was four years of age. 

Tapping is only carried out during one season in the Amazon, 
and it is possible that, if tapping of cultivated trees were sus- 
pended for several months, especially during the resting season, 
better results would be obtained. 


COLLECTING VESSELS, &C. 


Vulcanite or aluminium vessels should be preferably used 
for collecting and transporting the latex, to those manufactured 
of iron and tin, as the latter become coated with rust with which 
the rubber is liable to become contaminated. 

With a view to encourage the flow of latex down to the 
collecting vessels and consequently lessen the production of sthe 
rubber, the use of an invention known as the drip-tin hace was 
suggested. ues of the 
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_ This apparatus is made with a concave surface on one side 
to enable it to fit the bark of the tree. It is fixed by means of 
pins immediately above the top of an incision in such a manner 
that a weak solution of ammonia or formalin placed therein drips 
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Fic, 14.—Oblong and Round Coagulating Pans, Collecting Cup, and 
Pail with Strainer. 


“from an outlet at its base down the newly pared incision. The 
morelity of the flow of the solution is regulated by means of a 
tate therrrangement connected with this Duties The object of 
The rapid’tchemical is to prevent the coagulation of the latex in 


COLLECTING THE LATEX; QI 


the channels and consequent blocking of the tapped laticiferous 
tubes. 

Theoretically the adoption of such an apparatus is excellent, 
but it has not been generally profitable in practice. A similar 
remark applies to an elaborate contrivance manufactured for the 
purpose of conveying the latex from several trees to one collect- 


ing point. 
TAPPING AREAS. 


Although latex is found both in the trunk, branches, and 
leaves of the Para rubber tree, the 6 or 7 feet of the trunk 


Fic. 15.—Caillet’s Monorail, recommended for facilitating transport on 
Rubber Estates. 


nearest the ground is the principal portion operated on for the 
collection of latex. Obviously, it is the most accessible portion 
of the tree, and, as it has been previously mentioned, judicious 
pruning of the young trees will materially encourage its 
development. 

Marquart, d’Esembeck, and Nees found caoutchouc in the 
trunk of the /zcus elastica trec, but ascertained that its place was 
taken by viscine in the latex of the leaves and branches of the 
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same tree. Adriani, who investigated the latex of the same 
species, discovered that the percentage of solid matter was less 
in the latex obtained from the higher and younger parts of the 
tree than in that obtained from the parts nearer the ground. He 
also found that the caoutchouc globules in the latex obtained 
from the young growths were smaller than those in the latex 
yielded by older parts. Burgess found the percentage of rubber 
in latex collected from the first 2 feet of the trunk of the Para 
tree nearest the ground, and that of latex obtained at a height 
of 20 feet from the ground, to be 44.4 and 39.8 respectively, 
while latex from a large exposed root contained 43.8 per cent. 
of rubber. 

Generally speaking, the rubber obtained from the higher 
parts of the Para tree is inferior in-quality to that obtained from 
the trunk nearer the ground ; incisions made in the last men- 
tioned region are certainly most productive of rubber. 

Fig. 15 shows Caillet’s Monorail system manufactured by 
Messrs Francis Shaw & Co., in operation on the Lanadron 
Estate, Muar, Johore. This system greatly facilitates the trans- 
port of latex, manures, rubbish, &c., on rubber plantations. 
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PROPERTIES OF RUBBER. 


BEFORE dealing with the various methods of preparing rubber 
from the latex, let us endeavour to describe some of its physical 
and chemical properties. No other solid body can be compared 
with it in regard to elasticity, which may be augmented by 
slightly raising its temperature. When the temperature is 
lowered to zero it becomes hard and brittle, but regains its 
elasticity on the temperature being raised. If, however, this be 
increased to 293° Fahr., it assumes a permanent sticky con- 
sistency, while, if the temperature be still further raised to 360° 
Fahr., it melts and turns to a dark oily liquid. . Rubber is a bad 
conductor of both heat and electricity, but when acted upon by 
oxygen, ozone, or light, it may be converted into a good con- 
ductor of both these forces. It has the power of expanding 
when heated, and contracting when submitted to a lowered 
temperature. If, however, raw rubber be raised to a temperature 
of about 240° Fahr. and then allowed to cool slowly, it loses all its 
powers of contractility, but no perceptible changes are produced in 
its other properties. It is upon this characteristic that the rubber 
thread industry is largely dependent. Rubber is extremely perme- 
able towater,and this fact is often taken advantage of for fraudulent 
purposes. It is compressible, and Blossom states that a blow of 
100 tons diminished the volume of a cube of rubber, of about 35 
inches square, by 10 per cent. Beadle and Stevens state that* the 
physical properties of raw rubber are improved by exposure to 
comparatively low temperatures. They found that samples of 
block plantation rubber placed in an ice-chest for a week showed 
a tensile strength of 780 as against 500 previous to being placed 
in the ice-chest. 


* Chemical News, 22nd Nov. 1907. 
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Rubber is insoluble in water and also in alcohol, but light 
coal-tar naphtha, petroleum, spirits of turpentine, carbon disul- 
phide, ether, benzol, fatty and essential oils cause it to swell, 
and to a certain extent dissolve it. Gerard states that the best 
solvent is a mixture of 100 parts of carbon disulphide and 55 
per cent. of absolute alcohol. Strictly speaking, rubber is only 
partially soluble, as it consists of two substances which have 
different properties, one of which is easily dissolved; the other 
being of a tough elastic consistency which persistently resists 
nearly all solvents. Seeligmann distinguishes these two isomeric 
substances as the nervous and adhesive principle respectively. 
Spence states :* “From my early experiments to determine the 
‘amount of the insoluble constituent in raw Para rubber, I came 
to the conclusion that there was upwards of 8 to 10 per cent. of 
the product in most samples of raw Para. Later investigation, 
using chloroform as solvent and extracting over a much longer 
period, convinced me that my previous observations were wrong. 
I had not extracted the caoutchouc completely, and, repeating 
one or two of the analyses, I found that the amount of the 
insoluble constituent could be reduced to 2 per cent. in samples 
in which £ have previously found about 8 per cent.” And in - 
reference to the nitrogen content of the soluble residue: “The 
highest value obtained was that for a sample of the insoluble 
product which had been extracted with chloroform for about 
three months. It has already been given (5.4 per cent.) and 
represents at least 33 per cent. of protein in the original 
product.” 

In regard to the complaints about the want of “nerve” in 
plantation Para as compared with that in the Amazonian 
product, Beadle and Stevens write: + “The truth of the matter 
is, that up to now few manufacturers have taken the trouble to 
give plantation rubber a fair trial. Rubber of such purity has 
never before been put on the market, and requires mastication 
and vulcanisation under modified conditions. These conditions 
we have only discovered after a great deal of experimental 
work ; and we confidently assert in spite of nebulous talk about 


* Quarterly Journal, Institute of Commercial Research in the Tropics, 
Liverpool University. 
+t India-rubber Journal, p. 321, 7th Oct. 1907. 
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want of ‘nerve’ and adverse opinions of a few manufacturers, 
that when the right conditions are applied, nothing equals the best 
dried plantation block mixed and vulcanised without previous 
treatment.” 

Analyses of Para rubber produced in various countries are 
’ given below :— 


‘ = = oo a — ae i 


Proteid. | Ash. /|Moisture | 


| Caoutchouc. Resin. 
| 
is 


Per cent. | Per cent.| Per cent.} Per cent.) Per cent. | 


*Ceylon . : 95-5 Pom Liane p25 ae 
TFederated Malay States 96.35 Top a  Tesc. | (Os4 | 0,22 
tMergui, Burma - Ste O52 1.6 2.4 ee yan eon 

§$Gold Coast - - . 95-96 REC G uns, Ora. One 


* Tropical Agriculturist, Nov. 1904. 

+ Bulletin, lmperial Institute, vol. v.. No. 3. 

| Bulletin, Imperial Institute, vol. v., No. 4 

$ “Report on Rubber in the Gold Coast,” tg04, Johnson. 


CAOUTCHOUC. 


The percentage of caoutchouc in rubber prepared from 
cultivated Para trees varies from about 92 to 96.35 per cent. 
There appears to be practically little difference in the caoutchouc 
content of rubber prepared from trees varying in age from four 
to thirty years as shown by the following figures quoted by 
Kelway Bamber :— 


Para Trees, Percentage of Caout- 
Age in Years. chouc in Rubber. 
feet - 94.58 
6 : 7 : : - 94-75 
8 - : - - - 94.60 
TO tO 12 ; : < = 94:35 
3° ‘ 5 ‘1 - 93-24 
RESIN. 


The same chemist found very little difference in the per- 
centage of resin in rubber obtained from cultivated Para trees 
from four to thirty years of age, this being 2.72 and 2.32 in the 
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first and second instance respectively. This is rather surprising, 
as the weakness and susceptibility to tackiness so frequently 
associated with rubber producedby young trees have often 
been attributed to its high resin cofitent. 


PROTEIDS. 


He found the amount of albuminous matter in rubber 
prepared from four-year-old and thirty-year-old trees to be 1.75 
and 3.69 per cent. respectively. It has been frequently suggested 
that as these albuminoids are largely responsible for the putre- 
faction which sometimes occurs in rubber, that they should be 
eliminated from the latex. It, however, seems doubtful whether 
this would bea wise policy. Spence states :* “That the distribu- 
tion of the protein mass in the form of a tough fibre running 
throughout the caoutchouc mass would greatly increase the 
tensile strength of the latter it seems quite reasonable to suppose, 
in which case endeavours should be made to secure, by coagula- 
tion methéds in plantation rubber, just such a distribution of its 
protein constituents as has been shown by the present work to 
exist in Hevea rubber from South America.” 


MINERAL MATTER. 


Both potassic and calcic organic salts are, according to 
Seeligmann, J/oc. cz¢t., found in Hevea rubber, but as the total 
constituents in the ash rarely exceeds .4 per cent. of the whole 
product they may be considered as negligible quantities except 
for their assistance in the identification of particular grades of 
rubber by chemical analysis. 


EFFECTS OF VULCANISATION. 


In view of the comparatively small market for unvulcanised 
rubber goods the real value of rubber depends principally upon 
the properties of the vulcanised product. As different samples 
of rubber are differently affected during this process it is only 
possible to determine their strength, power of resistance, 


* Quarterly Journal, Institute of Commercial Research in the Tropics, 
Liverpool University. 
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resiliency, and therefore their value for specific purposes, after 
vulcanisation. 

Experiments conducted Fy Ditmar, to test the effects of 
resin on the vulcanisation of rubber, tend to show that, provided 
the resin content of rubber does not exceed 7 per cent., it has no 
injurious effect upon the vulcanisation of rubber; but that the 
strength of rubber is considered to be diminished and exhibits a 
marked tendency to oxidation by containing a higher percentage 
of resin. 

Beadle and Stevens state :* “ Now without denying the exist- 
ence of a correlation in properties between a sample of caoutchouc 
and vulcanised rubber prepared from it, it must be remembered 
that the properties of caoutchouc are profoundly altered by 
vulcanisation, and the properties of the vulcanised product are 
largely within the control of the manufacturer. For this reason 
we should rather interpret the word ‘nerve’ to be an expression 
applied to those physical properties of caoutchouc which are 
preserved in the vulcanised product. It is evident that whatever 
excellent qualities raw rubber may possess, these will be value- 
less unless they outlive the vulcanising process.” 

On arrival at the manufactory crude rubber is immersed in 
hot water for periods varying between ten and twenty-four hours. 
It is then passed through heavy iron grooved rollers over which 
a constant supply of water flows. The rollers revolve at different 
rates of speed which tears the rubber to pieces and the water 
washes away mechanical impurities such as sand, dirt, bark, &c. 

The loss in weight which rubber suffers in this process varies 
from 1 to 3 per cent. in plantation Para rubber to as much as 
60 per cent. in inferior grades. 

The rubber is eventually turned out in sheets resembling in 
structure the lace plantation rubber which will be referred to 
later. These are usually hung up to dry in well-ventilated, 
darkened, artificially heated drying rooms. Vacuum drying 
apparatus is also used for this purpose. 

The temperature is, however, regulated in accordance with 
the class of rubber under treatment, as inferior grades of rubber, 
which contain a large percentage of resins and similar bodies 
liable to be affected by heat, would soften and melt if exposed 


* [ndia-rubber Journal, p. 321, 9th Sept. 1907. 
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to temperatures as high as those to which the superior grades 
such as “Fine Para” are subjected. When thoroughly dry it 
is stored, but well protected from light and moisture till required 
for manufacturing purposes. 

Previous to manufacture the lace-like sheets of rubber are 
masticated into a homogeneous texture by being passed between 
large hollow steam-heated rollers. 

Owing to the various defects of raw rubber, for industrial 
purposes, it will be evident that its use would have been con- 
siderably limited had it not been for the discovery of the various 
methods of vulcanisation, which consist in causing masticated 
rubber to be intermixed with various proportions of one of the 
different forms of sulphur by the action of heat. At normal 
temperatures sulphur has, however, no visible effect upon rubber. 


PREPARATION OF RUBBER FROM LATEX. 


The preparation of rubber from the latex is one of the most 
important points which the rubber planter has to consider, as 
the commercial value of the product will largely depend upon 
the manner in which this has been carried out. The low price 
obtained for many grades of rubber is due, in a great measure, 
to careless preparation. 

The West African rubbers afford striking examples of this 
kind. They are often contaminated with dirt, stones, bark, &c. ; 
spurious latices are added to good ones, and the resulting mixture 
is often a “tacky,” putrescent mass, giving out a most offensive 
odour. 

Quite a few years ago Congo rubbers only realised from Is. 
to Is. 6d. per lb., but now that they are more carefully prepared 
they often fetch 4s. per Ib. 

The methods in use in different parts of the world for the 
coagulation of rubber from latex are exceedingly numerous and 
varied. 

- Coagulation may be effected by heating the latex, or by 
adding either an acid or alkaline solution, while the latex of 
some trees may be coagulated by simply exposing it to the 
atmosphere. 

Whichever method be employed, the nitrogenous matter in 
the latex is coagulated, and the rubber globules are carried down 
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intermixed with it, the coagulum forming a solid, white its 
appearance, and quite distinct from the apparently homogeneous 
mass of which it previously formed a part. 

In Mexico and Central America the latex of Castilloa is 
boiled, and the rubber rises to the surface, resembling that 
formed on animal milk when similarly treated. 

The collectors in the Amazon valley prepare rubber from 
Para latex by submitting it to the smoke of burning Urucuri 
palm nuts, which contains acetic acid and creosote. 

The West African natives prepare rubber from the latex of 
Funtumtia elastica by adding to it either the juices of various 
plants having acid properties or salt water, and from the latex 
of the Landolphia vines by smearing it over their naked bodies, 
where the rubber is coagulated by the secretions from the skin, 
or by treating it with lime juice. 

The principal acid coagulants employed on rubber planta- 
tions are: acetic, sulphuric, hydrochloric, nitric, oxalic, citric, 
and tartaric. Of these, sulphuric acid is the most powerful 
coagulant, and citric acid is the weakest. 

The commonest alkaline coagulants are: mercuric chloride 
(corrosive sublimate), sodium chloride (common salt), and alum. 

If an excess of either an acid or an alkaline solution be 
applied to the latex no coagulation occurs, and the requisite 
quantity of any coagulant varies in direct proportion to the 
amount of pure latex present; however much a given quantity 
of latex may be diluted with water, the amount of the coagulant 
required to bring about coagulation will remain constant. 

Quite recently Biffen discovered that the rubber in latex 
could be separated from the other constituents by centrifugal 
force. This process is quite distinct from coagulation, as by 
centrifugal force the rubber globules are separated in a like 
manner to cream when animal milk is churned, and their com- 
position is not altered. 

“Rubber prepared by this method is reported to lack ‘nerve, 
and there is a very remarkable difference in the vulcanisation 
results obtained with coalesced and coagulated rubber respec- 
tively. The difference is certainly not in favour of the coalesced 
cubber * 


* [ndia-rubber Journal, 23rd June 1902. 
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The following is the oldest method adopted in the prepara- 
tion of Para rubber on some of the rubber estates in Ceylon :— 

Immediately the latex is brought in from the plantation 
it is strained through fine wire or muslin gauze, the latex being 
diluted with water if it is too thick to pass through freely, and 
poured into enamelled iron saucers about 1 foot in diameter, and 
1} inch deep. 

Coagulation occurs spontaneously within twenty-four hours 
if the latex be exposed to the atmosphere. But if it be wished 
to hasten the process, acid is applied; acetic being one of 
the commonest employed. The coagulum is then submitted to 
pressure, in order to free it from as much moisture as possible. 
A metal roller, similar in shape to that used for culinary purposes, 
is generally employed, and in the manner shown in Fig. 16. This 
process converts the rubber into flat discs, which vary in thickness 
from an eighth to half an inch, and about a foot in diameter. 
These are then usually submitted to a little artificial heat, and 
afterwards spread out singly on shelves in a well-aired room until 
thoroughly dry. 

Fig. 1% shows rubber biscuits spread out to dry in a curing- 
house on the Aropolakande Rubber Estate, Ceylon. 

The rubber planters in the Malay Peninsula adopted a very 
similar method to the above. 

Dr O. Weber,* who devoted considerable labour to the 
chemical questions relating to india-rubber, suggested the 
following process to eliminate putrescible nitrogenous matter 
from latex :— 

“The first step in this direction is the dilution of the crude 
latex with water, of which at least five times the volume of the 
latex treated should be used. In the case of the thick, ready 
latex yielded by the trees at Las Cascadas it is preferable to use 
actually boiling water, but in how far this applies to the latex 
obtained in other districts or from different trees is a matter for ex- 
periment. Boiling water at once converts this latex (z.e., Castzlloa) 
into a thin,very fluid milk, which through a common cotton gauze is 
strained in order to remove from it any insoluble impurities, such 
as earth, wood, bark, and the like. This milk is best strained 
into thoroughly well-washed petroleum barrels. As soon as the 


* India-rubber Journal, 29th Sept. 1902. 
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barrel is completely filled, about eight ounces of formaldehyde 
are added, the whole well stirred, and allowed to stand for 
twenty-four hours. The action of the formaldehyde appears to 
be twofold. In the first instance, it effectually prevents any 
tendency of the albumen to coagulate in the hot solution, and 
thereby to cause mischief. But, as comparative experiments 
showed beyond any doubt, it also has a most distinct effect upon 
the india-rubber, which collects on the top of the wash-water in 
the form of a snow-white cake of rubber of such strength and 
toughness that it can in one mass be lifted out from the barrel. 
On cutting this cake open, it will be found that it is rather 
spongy, being full of little holes which are still filled with some 
of the albuminous though very dilute mother liquor. If, there- 
fore, the rubber were dried in this state it is obvious that it 
would still contain a small quantity of the objectionable albumin- 
ous matter. For this reason the rubber contained should at once 
be taken, cut into strips, and subjected to a thorough washing 
upon an ordinary rubber washing machine.” 

I made several attempts, when in the Gold Coast, to separate 
rubber from Para latex in the manner above suggested, but 
failed in each instance, although the latex stood, in one or two 
instances, for nearly three weeks without the rubber separating out. 

The following method was suggested by the same author, and 
he states* that it produces similar results to that previously 
mentioned :— 

“To every gallon of the rubber latex, from 4 oz. to 1 oz. of 
formaldehyde (formalin 40 per cent. solution) is added, the 
latex well stirred and allowed to stand for one hour. Then to 
each gallon of latex a solution of 1 lb. of sodium sulphate 
(commercial) in one pint of boiling water is added while still 
hot, and the mixture stirred for some time. Coagulation may 
take place immediately or after several hours’ standing, according 
to the condition (age) of the latex. Great care must be taken 
to use a sodium sulphate of entirely neutral (not acid) reaction. 


“Rubber prepared in this manner will be found free from 
every trace of albuminous matter. It is of a degree of purity 
greatly surpassing the finest Para rubber ever produced, and 


* [ndia-rubber Journal, 15th Feb. 1904. 
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therefore contains a percentage of pure rubber exceeding that of 
every known rubber quality. 

“Tts only impurity consists of about 2 per cent. of a viscous 
resinous matter, the remgval of which is scarcely worth while.” 

The smoking method employed by the rubber collectors in 
Brazil produces an article which, although sometimes con- 
taminated with dirt, is practically free from putrefaction and 
mould, as creosote and carbon in the smoke act as antiseptics, 
and prevent their developing. 

Alum is largely used as a coagulant, but its use is objection- 
able, as rubber prepared by it perishes, owing to the action of 
the alum upon the rubber forming a resinate of alumina. 
Manufacturers state that rubber coagulated by it when placed 
on the market often contains as much as 6 per cent. of alum. 

Common salt is also largely used, and although it possesses 
antiseptic properties its use should be condemned, as it tends 
to leave a large quantity of moisture in the rubber. 

The employment of chemicals for the coagulation of rubber 
is apt to seriously injure the product, and therefore cannot be 
recommended, notwithstanding the fact that Para rubber ex- 
ported from Ceylon and the Straits Settlements has realised 
excellent prices ever since it was first placed on the market, and, 
in fact, nearly always in advance of the finest rubber from Para. 

Prepared in the manner described, it must contain the 
constituents which support mould and fermentation, or, in other 
words, it lacks what is probably the most important character 
to which the Brazilian product owes its reputation. This 
character, as we have previously pointed out, is imparted to the 
product by the smoking process employed in preparing the 
rubber. 

This process is, however, much more tedious than the Ceylon 
one, as wil be seen on comparing the two. The Brazilian 
collector takes a paddle, dips it in the latex, and holds it over 
the smoke of a fire fed with wood and palm nuts, or if the 
latter are not obtainable, with the former alone, until the rubber 
coagulates and dries. This performance is repeated again and 
again until the rubber has grown to the required size. 

By the Ceylon’ method all that is necessary is to pour the 
latex into saucers, press out the moisture when it has coagulated, 
and lay the coagulum out to dry. 
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It will therefore be quite evident that to obtain a cultivated 
product possessing the valuable characters of the Brazilian and 
the cultivated rubber, and at the same time free from the 
objections mentioned above, it will be necessary to find a method 
for preparing the cultivated product which will supply these 
conditions. This is apparently only possible by antisepticis- 
ine it, 

Creosote is produced by the destructive distillation of wood, 
so that if the cultivated article were rolled out into thin sheets, 
well washed, thoroughly pressed, and exposed to the smoke of a 
wood fire, it should be antisepticised sufficiently for all practical 
purposes. 


SUGGESTED METHOD FOR PREPARING RUBBER BISCUITS 
ON SMALL ESTATES. 


Immediately the latex has ceased flowing into the collecting 
cups, it should be collected and conveyed to the curing-house, 
in order to prevent its coagulating in the cups. An ordinary 
milk pail will be found a useful article for this purpose. 

It now requires straining to free it from any bark, leaves, 
dirt, &c., with which it may have become contaminated. . Fine 
copper or brass wire gauze or muslin will be found suitable for 
this operation. But perhaps the most satisfactory article to use 
is a fine hair seed-sieve. 

An equal quantity of water added to the latex will facilitate 
the work. But the material employed for straining must not be 
rubbed with the hand to assist the passage of the fluid, as this is 
sufficient to coagulate some of the latex and thus choke up the 
holes. As soon as the latex has been strained, it should be 
poured into vessels which will permit of as much of the latex as 
possible being exposed to the atmosphere. The vessels gener- 
ally employed on rubber plantations in the East are composed of 
enamelled iron, round-dish shaped, with a diameter of 1 foot, 
and about 14 inch deep. The employment of these is, how- 
ever, open to the same objection as that put forward with regard 
to using tin-plated collecting cups. In course of time the 
enamel gets chipped off, leaving the iron bare to the oxidising 
action of the atmosphere, and particles of oxide of iron get into 
the latex. 
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Consequently vulcanite vessels would probably prove more 
satisfactory. 

It is important that the curing-house be kept clean. It 
should not be situated near any works which create dust; in 
fact it is necessary to treat a rubber curing-house in an exactly 
similar manner with regard to cleanliness as a dairy. 

Within twenty-four hours the rubber particles will have 
coagulated, and risen to the surface in the form of a thick curd. 
Immediately this occurs the coagulum should be lifted out, 
thoroughly washed, and then pressed between heavy rollers to 
force out any liquid which may have been imprisoned inside 
the mass. To effect this a machine similar to a laundry mangle 
is recommended. This process needs very careful attention, as 
the stench common to many rubbers is due to putrescent 
moisture shut up in this way, and it naturally has in time a 
deteriorating effect upon the product. After pressing, the rubber 
discs should be placed on a clean porous surface to drain, and 
then placed in the smoke of a wood fire for at least a day. 
Afterwards they should be spread singly on shelves made of 
canvas, rattan, or some similar material which will permit a free 
passage of air through. 

The shelves of a tea-withering house answer admirably ; the 
illustration (Fig. 17) depicts one employed for this purpose in 
Ceylon. Artificial heat is not absolutely essential, but hastens 
the drying process. 

On no account must the rubber be exposed to the sun, as 
this produces a permanent stickiness, which considerably de- 
preciates its value. 

Drying should be continued until all opaque blotches, which 
are due to moisture, have vanished, and the rubber is translucent 
and of a uniform colour all over. 

The weight of dry rubber obtained from a given quantity 
of latex is approximately in the proportion I to 2, Ze, 1 Ib. of 
latex will yield about $ lb. of dry rubber. 

All tapping instruments, collecting cups, coagulating pans, 
&c., should be thoroughly washed after use and kept clean. 

A chemical analysis of Para rubber prepared in this manner 
from ten-year-old trees growing in the Botanic Gardens, Gold 
Coast, gave the following results :— 
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Moisture - . . : .57 per cent. 
Ash - - : - - fee _ 
Resinous matter - - eee sos is 
Caoutchouc — - . : - 95.96 a 


100.00 per cent. 


Samples of this rubber were submitted by the Director of 
the Royal Gardens, Kew, to Messrs Hecht, Levis, & Kahn, 
rubber brokers, 36 Fenchurch Street, E.C., who reported that 
the rubber was of excellent quality, well cured, free from im- 
purities, and valued it at 4s.'6d. to 4s. 7d. per lb. Sheet may 
be similarly prepared by pouring latex into shallow oblong 
vessels. Buyers prefer sheets about 2 by 1 foot long, and about 
2 inch thick. Biscuits should be about the same thickness, with 
a diameter of 8 or 10 inches. 

With the constantly increasing number of trees coming into 
bearing, it has been found necessary on large rubber estates to 
adopt new methods of rubber production which admit of more 
expeditious treatment of the latex. 


A CENTRIFUGAL STRAINER. 


With a view to improve upon the somewhat tedious method 
of separating mechanical impurities from the freshly collected 
latex by passing it through sieves, &c., an apparatus known as 
the Macadam centrifugal machine has been manufactured. The 
latex is poured into a cloth bag contained in a receptacle which 
may be made to revolve up to 10,000 revolutions per minute, 
but 3,000 revolutions per minute is usually found sufficient to 
complete the operation. 


COAGULATING MACHINES. 


The coagulation of the latex may be considerably expedited by 
employing the Michie-Golledge machine (Fig. 18) which has been 
specially manufactured for this purpose. It should be specially 
noted that the addition of acid to Hevea latex is necessary before 
coagulation is effected. The following description of this machin4d 
has been extracted from Messrs Walkers’ catalogue :— 

“The Michie-Golledge rubber coagulating machine cons‘the 
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of a revolving cylinder A (Fig. 19) with ribs B on its inside, and 
curved blades Cc, which are fixtures as shown. The rubber latex is 
poured into the cylinder A, which is then set in motion. The 
revolving cylinder and its ribs B force the latex forward on to 


the blades C, which carry it into the centre, creating a kind of 


vortex or whirlpool in the space D, where the rubber forms into 
a sponge-like ball. 

“ The latex should be diluted with clean water in the propor- 
tion of one part of latex to four parts of water approximately. 
The mixing can be done either in the field by putting water into 
the collecting cups, or in the curing-house. The latex when 


Fic. 18.—‘“ Michie-Golledge” Rubber Coagulating Machine. 


brought in should be well strained; this can be done through 
ordinary ‘grey cloth’ or through very fine mesh brass weaving 
(No. 40). The latex should then be poured into the machine. 
If it is allowed to stand for a minute or so after straining, 
any sand which the strainer has not removed will sink to the 
bottom of the vessel, and may be retained there when the liquid 
is poured off. Eight to ten gallons of the latex (liquid) may be 
considered a charge. The machine should be set in motion 
after the charge of latex has been poured into the pan, and acetic 
fyccid in the proportion of one dram glacial acetic acid to one 
Co,llon of latex should then be added. The glacial acetic acid is 

“e convenient in a diluted form of, say, one part of acid to two 


RUBBER MANUFACTURE. 1) 


parts of water. Three drams of this mixture will be used per 
gallon of latex. During the first two or three minutes of 
working, the machine should be driven at a speed of about 180 
revolutions per minute (30 revolutions of driving handles). At 
the end of this time the sound from the cylinder will have become 
deadened and the latex in the centre will have taken a creamy 
appearance. The speed should then be reduced to about 120 
revolutions (20 revolutions of handles), and a little later to 100 
(16 or 17 revolutions of handles). The coagulated rubber should 
begin to form into a spongy 
mass between the blades and 
in the centre of the pan in four 
minutes from the time the 
machine starts working, and 
in five minutes the process 
should be complete. To prove 
that separation of rubber is 
complete, put a stick down 
behind one of the blades and 
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Fic. 19.—Sectional Diagram of the “ Michie-Golledge” Rubber Coagulating 
Machine. 


run the water adhering to it on to some convenient spot on the 
top of the machine, when it will be seen that the water is quite 
clear and free of rubber globules. 

“In case separation is not perfect it will probably be found 
that in the finishing off, the machine has been run too fast. A 
minute or two longer at slower speed will put this right. The 
mass of coagulated rubber should be at once removed and rolled 
out into sheets before it hardens. 

“ Rolling.—lf a‘ Dolly’ mangle is used, lumps pulled off the 
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mass by hand should first be put through without any weight. 
A little weight should be applied the second time through, and 
additional weight the third time, which will probably complete 
the process. A little practice will determine the exact amount 
of rolling necessary. Care should be taken not to roll too much, 
as excessive rolling, or squeezing, by closing the pores, retards 
the drying. 

“ Worm Rubber.—To make ‘worm’ rubber, cut the sheets into 
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Fic. 20.—Messrs Walker’s “ Worm” Rubber Cutting Machine, used in the 
Michie-Golledge Curing Process. 


very thin strips, about 14 inch to 2 inches long and } inch in 
width.” 

Messrs Walker & Co. have recently placed on the market a 
“worm” rubber cutting machine (Fig. 20), by the aid of which 
they claim that 120 Ibs. of dry rubber can be cut up per 
hour. 

“ Drying.— Put the rubber where a fan can draw dry air (heated 
air of high temperature should not be used) through it. In about 
twenty-four hours the rubber will be dry, and may then be heaped 
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until time of packing. If a fan is not available it is sufficient to 
spread in a dry place. 


“Crépe Flake and Lace Rubber—When making rubber in 


CONUS 


Fic, 21.—The “ K.L.” Coagulator. 


either of these forms, pass the freshly coagulated mass directly 
to the rolling or washing machines.” 

The “Hodvey” coagulator, invented by Mr F. G. Harvey 
of Pataling Estate, Selangor, is now placed on the market by the 
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Federated Engineering Company, Ltd., Kuala Lumpur, Selangor, 
under the name of the “ K.L.” Coagulator shown in Fig, 21. 
The subjoined instructions are given for manipulating it :— 


“The following solution of acetic acid has been found to give good 
results for coagulation :— 


6 of water to 1 of glacial acetic, and 
13 fluid oz. of the solution to every 4 gallons of latex. 


“Having strained the latex into the coagulator, turn the handle slowly 
while pouring in the solution ; the latter should be poured in slowly, so as 
to be as widely diffused as possible throughout the latex. 

“The solution having all been poured in, continue to turn for about five 
minutes ; a medium pace should be maintained, and the handle occasionally 
reversed for a turn or two. 

“Supposing there to be about 35 gallons of latex in the coagulator, it will 
be noticed that coagulation starts in about five minutes, and when once this 
is the case, it will be found best to let it stand, and then turn again in 
alternate spells of short duration. Quantities of 30 to 50 gallons of latex 
may be coagulated in about six or seven minutes.” 


The inventor asserts that “by the use of this machine all 
decomposition of the proteids contained in the latex is rendered 
impossible, and when the coagulated rubber is washed through 
a machine, there is an entire absence of that unpleasant odour 
so associated with new rubber which has been coagulated in 
pans.” 


CREPE AND WASHED RUBBER. 


The manufacture of crépe rubber, briefly described, consists 
in passing the freshly coagulated rubber through a. washing 
machine ; although scrap rubber may also be turned into this 
form. 

Planters have adopted a method somewhat similar to one 
of the processes employed by manufacturers in treating wild 
rubber. The principal advantages claimed for it are, that it 
dispenses with a large amount of the labour involved in the 
preparation of biscuit rubber; the latex may be coagulated in 
bulk, and the coagulum cut up into lumps and passed direct into 
the machine. Mechanical impurities and some of the substances 
which encourage putrefaction are expelled. The rubber is turned 
out in sheets with an irregular surface, thereby effecting a saving 
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of storage room and facilitating drying. Burgess describes a 
washing machine suitable for plantation use as follows :— 

“This machine consists essentially of two steel rollers which 
revolve on horizontal axes parallel to one another ; the distance 
between the surface of the two rollers can be adjusted and varies 
from ? inch to practical contact. The rollers revolve at different 
speeds and are driven by power transmitted by belt and pulley 
through gear wheels to the rollers themselves. The axes of the 
two rollers may be on the same horizontal plane, more usually 
one is slightly above the other. A stream of water flows over 
the surface of the rollers all the time they are in use. When the 
machine is used, freshly coagulated lumps of rubber are put in 
between the rollers, which are separated about } inch. The 
rubber is passed through several times, the rollers being gradually 
approximated to each other, and the rubber becomes compacted, 
and to some degree hardened. At the same time, the effect of 
the differential rate of movement of the two roller surfaces is to 
subject the rubber to a shearing stress, which stretches and tears 
it to pieces, and it is here that the peculiar property of rubber is 
clearly seen. The elastic stretching and rebound kick out any 
gross mechanical impurity that may be present, and when the 
machine is used on scrap rubber, there is a perfect shower of dirt, 
pieces of bark, and wood thrown out from the front of the 
machine. Freshly cut or torn surfaces of the rubber re-unite and 
emerge as a continuous sheet. At the same time the stream of 
water thoroughly washes out any impurity soluble in water that 
may be left in the rubber. The final product is a coherent but 
granular sheet of rubber, the thickness of which can be regulated 
by the distance left between the rollers.” 

Washed rubber was not well received when first placed on 
the market, as manufacturers stated they preferred to perform 
the washing themselves, but that there is now a good demand for 
this form of rubber is demonstrated by the sale reports. It is 
not so liable to arrive on the market in a heated or tacky con- 
dition as unwashed rubber, which is certainly an important prine 
in its favour, but whether the removal of a portion 2fver shelf 
called organic impurities does not affect the res hen quite set, 
product is still an open question. Very thin she, bottom of the 
received by buyers, and it is considered that a tho be forced out 
4 inch should be aimed at. 
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WoORM RUBBER. 


Worm rubber merely consists of sheet rubber cut up into 
shreds to facilitate drying and packing. 


LACE RUBBER. 
The method of preparing lace rubber is somewhat similar to 
that employed in the manufacture of crépe rubber. It is very 


thin in texture and far more porous than crépe, and consequently 
dries more rapidly. 


FLAKE RUBBER. 

The freshly coagulated rubber is passed through a rolling 
machine with horizontally arranged corrugations in the rollers 
which cause the rubber to be turned out in thin flakes. None 
of the three last mentioned methods are largely employed. The 


principal advantages of each is that the rubber is rapidly dried 
and easily packed. Each form has been well received by buyers. 


BLOCK RUBBER. 


The manufacture of cultivated Para rubber in block form is 
of more recent date than that of any of those previously 
described, having only commenced in the year 1906. 

As the crépe rubber is taken from the washing machine it is 
placed in a vacuum drying apparatus for about two or three 
hours or until nearly dry, for if left in the vacuum drier after all 
the moisture has been extracted it is liable to become tacky. 
When taken from the vacuum drier rubber is in a pliable con- 
dition, and if submitted to pressure readily forms into a homo- 
geneous mass. This is effected by placing it in a block press. 
A description of a recently invented press specially adapted for 
use in connection with plantation rubber, extracted from the 
British Trade Journal, 1st Sept. 1907, is as follows :— 

“ Now that ‘block’ rubber is again coming into vogue, it will 
dispf interest to notice the latest form of rubber press, as here 
preparatnv. (Fig. 22). The success of ‘block’ rubber at the 
bulk, and the wn of rubber at Ceylon, to which we have already 
the machine. se pages, has given a stimulus to that form, and 
which encourage be adopted on properly organised plantations, 
out in sheets withto come into bad repute again by reason of 
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adulteration, there is no doubt that its use will become more 
and more general, especially as it enables rubber to be secured 
and shipped in a day or two. 

“Our illustration shows one of a number of mechanical block 
rubber presses, which have recently been supplied to Messrs 
The Mabira Rubber Company, Uganda, to the instructions of 
Dr Christy, the makers being Messrs David Bridge & Co., of 
Castleton, Manchester. A description of this press will not be 
out of place, as it differs from any that have been previously 
miade,, It consists of a 
powerful screw fitted with 
a machine-cut worm wheel, 
driven by a steel-cut worm 
by fast and loose pulleys. 
A reversing motion is ar- 
ranged for the quick with- 
drawal of the platten. This 
is carried on two strong 
steel columns, bolted to the 
base. The platten proper 
has a detachable platten 
cottered to it, on which are 
letters for branding the 
block rubber. The box is 
detachable, therefore any 
number of boxes can be 
used with the one press. FiG. 22—Messrs David Bridge & Co.’s 
Each box is fitted with Block Rubber Press. 
two strong wrought-iron 
bridles, with four powerful screws. After the crépe rubber 
has left the vacuum drier, it is pressed in the box, and when 
under pressure the bridles are brought over to an upright 
position. The screws are then brought down on the top of the 
false platten, the cotters of which are knocked out, leaving the 
rubber under pressure, and the screws run back clear of the 
box ; the latter is then removed and run on to the lower shelf 
of the vacuum drier for a period of setting. When quite set, 
it is again removed from the vacuum drier. The bottom of the 
box, which is hinged, then allows the block to be forced out 
by the four vertical screws. 
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“This press is also fitted with a hand motion, which is quite 
satisfactory in the absence of mechanical power. The power 
required to drive by belt is from 2 to 3 horse power. The size 
of the boxes varies. A convenient size is 11 inches by 9 inches, 
and the thickness of the block is about 4} inches. ‘he total 
weight of this press is about 17 cwt., with one box, and it can be 


FIG. 23.—Messrs Francis Shaw & Co.’s Hydraulic Blocking Press. 


dismantled so easily that there is no difficulty in transporting 
the various parts to their destinations. The press can also make 
a block of any thickness from I inch to 6 inches, depending 
upon the first packing of the crépe in the box.” 

Underneath the foot of the plunger is arranged a detachable 
name plate, which is held in position on the pressed rubber by 
the two hinged saddles and four screws. 
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An improved type of a hydraulic block press, specially 
designed and manufactured by Messrs Francis Shaw & Co., for 
compressing rubber into blocks for shipment, is shown, Fig. 23. 

This is a twin press having two boxes worked from a single 
pump, the power for working and the presses being entirely self- 
contained. The pump is fitted on the stand, which forms a tank 
containing the water, by means of which the presses are worked. 
The total pressure obtained is about 12 to 15 tons on each ram. 

In addition to expediting the work of the estate a minimum 
surface of the rubber is exposed to deleterious atmospheric 
influences, and where freight is charged on cubical capacity an 
appreciable economy is effected. 


SCRAP RUBBER. 


The latex which flows over on the bark from the tapping 
channels, and that which exudes from the incisions, but fails to 
reach the collecting vessels, usually coagulates in a few hours, 
and is picked off by hand. That which adheres to the collect- 
ing cups, pails, &c., should also be collected. This forms what 
is known as scrap rubber. After being thoroughly washed, 
and mechanical impurities separated, it may be placed on the 
market in this condition, or be passed through the washing 
machine immediately after collection, and turned into crépe 
rubber. 

The parings of bark from the tapping incisions should be 
likewise collected and passed through the same machine which 
macerates the bark and extracts the particles of rubber therein. 
This process is considerably facilitated by soaking the bark 
parings in water for several days previous to passing them 
through the machine, and by the use of caustic chemicals. 
These forms of rubber are improved by being smoked over a 
wood fire. 
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RESULTS OF ANALYSES * OF VARIOUS FORMS OF PARA RUBBER FROM 
THE FEDERATED MALAY STATES. 

> | | | . 
Caout- | 


S ‘Description. Weight. aah< Ash. | Resin. po Otani 
a / / 
Grams. |Percent.|Percent. Percent. Percent. Per cent. | 
1 | Crépe, pale yellow -| 245 | 0.22] 0.16] 2.75) 2.27] 94.60 | 
2| Large thin biscuits, pale | 225 | 0.36] 0.29] 2.23) 2.31} 94.81 | 
3| Thinsheets, pale, opaque | 255 | 0.54| 0.48) 1.64| 2.66) 94.68 
4|Crépe, almost white -| 180 | 0.26] 034| 3.58) 3.18] 92.64 
5 | Crépe, dark brown - | 235 | 0.60] 0.56] 2.89} 2.50] 93.45 
6| Sheet, very pale - - | 230 | 0.38].0.36| 1.781 .3.08] 94-4077 
7|Crépe, almost white - | 260 | 0.32| 0.18] 2.83) 2.99| 93.68 
8 | Large biscuit, pale - | 250 | 0.42] 0.46] 1.38] 2.13] 95.61 
9 | Crépe, light brown - | 240 | 0.28] 0.23] 2.82] 2.19] 94.48 
to | Corrugated sheet, rather : | 
dark - . - | 280-.| 0n44)-0.35] 2.451 Lo4} pao 


11 | Corrugated sheet, pale - | 280 | 0.38] 0.28] 1.83} 2.36] 95.15 
12 | Corrugated sheet, rather 


dark - - - | 280°.)'0.36] 0.34) 21071 2.26) seem 

13 | Corrugated sheet, pale - | 320 | 0.52] 0.43] 2.57} 3.06] 93.42 

14| Crépe, yellow : - | 300°] 0.42)| 0:14] 3-01] 2.907 Gaus 

t5 | Thin sheet, pale - -| 280) |.0.22) 0.20) 1.87) °1.35 4 pee 

16| Sheet, pale - - -| 240 | 0.38] 0727) 1:75) 2:58 eee 
i | 

Minimum values - . hs 0.22] 0.14] 1.38] 1.35 | 92.64) 


Maximum values - | .. | 0,60] 0.56) 3.58 3.18 96.35 | 


* Imperial Institute Bulletin, vol. v., No. 3, p. 247. 


KELWAY BAMBER’S ANALYSIS OF VARIOUS SAMPLES OF CULTIVATED 
ParRA RUBBER WHICH WERE AWARDED GOLD MEDALS AT THE 
CEYLON RUBBER EXHIBITION. 


Moisture.| Resin. | Proteids. Ash. Caoutchouc. 

Para ec ndante Per cent. Per cent. Per cent. ) Per cent. Per cent. 

Arapolakanda -| 0.28 | 1.84 2.12.) orea 95.56 

Duckwari- -| 0.68 Me 3.00 | 0.36 93-64 
Para sheet— 

Syston - -| 0.30 2.74 2.25 0.20 94.51 
Para crépe— | 

Culloden - ly 8286 2.04 2.25 | 0.22 95-13 
Para block— | 

Lanadron -| 0.36 2.44 3.31 | 0.20 4 93.69 | 
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WASHING MACHINES. 


The washing machine, Fig. 24, the rollers of which measure 
9g} in. diameter and 18 in. long, is the smallest size recom- 
mended by Messrs Francis Shaw & Co. for commercial use. 
It is supplied with fast and loose pulleys for driving, and the 
machine and gearing are carried on a strong cast-iron base 
plate which facilitates erection, and maintains the driving 
parts in perfect alignment. 

The net weight of this machine is 30 cwt. and the shipping 
weight 324 cwt. It requires approximately 7 B.H.P. to drive 
it, and turns out about 800 lbs. of rubber per day of ten hours. 

Fig. 25 shows a large size pair of breaking-up and créping 
machines by the same makers. The rollers of these measure 
iZ2 in. diameter and are 18 in. long. The main line shaft 
is about 6 in. above the floor level, and carried on the base 
plates of the machines, but can be placed under the floor if 
required. 


THE RUBBER FACTORY. 


On the various rubber estates, where large numbers of trees 
will shortly be coming into bearing, planters should have every- 
thing in the way of appliances ready to deal with the latex. 

The rubber factory requires special consideration, for unless 
this be properly equipped it will be impossible to expeditiously 
treat and despatch the rubber in large quantities. We are 
indebted to Messrs Francis Shaw for plans of two different 
factories. 

Fig. 26 is that of a factory for washing, drying, and blocking 
rubber. The machinery in this consists of a pair of breaking 
and washing machines which are driven by a semi-portable steam 
engine, this latter also supplying steam for the drying stove. 
Provision for three hydraulic presses is also made. 

Fig. 27 illustrates a factory where the machinery for washing, 
drying, and blocking rubber is driven electrically. There are 
two breaking and four washing machines, which are capable of 
an output of 2. tons of either block or crépe rubber per day. 
The machinery is driven by a 75 B.H.P. motor through a worm 
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Semi-Portable Steam Engine. 
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1G, 26.—Plan of Factory for Washing, Drying, and Blocking Rubber, driven by a 
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reduction gear. The drying store is provided with a small boiler, 
and the hydraulic blocking presses are supplied with electrically 
driven pumps and accumulator. 

A plan of the apparatus required for Dr Olsson-Seffer’s patent 
system of treating Castilloa rubber latex is given in Fig. 28. 
Although this was specially constructed for dealing with Castilloa 
rubber latex, the makers state that it can be modified to deal 
with that of Hevea brasiliensts. 


CHAPTER XE 
THE ANTISEPTICISATION OF RUBBER. 


DEFECTS OF PLANTATION RUBBER. 


MANUFACTURERS complain that much of the plantation Para 
rubber at present received on the market is lacking in “nerve,” it 
works soft between the masticating rollers,and its keeping qualities 
are far inferior to the Brazilian product. The latter has been known 
to keep in good condition for sixty years, whereas many samples 
of plantation rubber have lost their tensile strength in as many 
weeks. Various reasons have been suggested as the possible 
cause of these important differences in the two products, such as 
(1) the altered conditions under which the cultivated trees grow ; 
(2) the tapping of too young trees; (3) the tapping of immature 
renewed bark; and (4) the mode of preparing the rubber. 

No great importance attaches to the first suggestion in view 
of the healthy, robust growth of cultivated trees. Analyses 
made of the latex from cultivated and.wild trees show no 
striking difference in the chemical composition. So far as 
cultivated Para rubber is concerned, however, it would appear 
that the chemical composition of weak and strong rubber, as 
also rubber obtained from young trees and old trees, is very 
similar. 

Nevertheless suggestions (2) and (3) certainly merit far more 
serious consideration, for it is well known that weaker rubber is 
produced by young trees than by old ones growing under 
similar conditions, and it has already been shown that the latex 
obtained from immature renewed bark is poorer in its caoutchouc 
content than that produced by the original bark. 

It is considered highly probable that in the method of 
preparation will be found the principal cause of the inferiority of 
plantation Para rubber as compared with wild Para, so far as 
the keeping properties of the raw product are concerned. 
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GREOSOTING THE LATEX: 


It is considered that the valuable physical properties of 
South American Para rubber are largely due to the antisepticis- 
ing method employed in coagulating the latex. The collector 
takes a paddle or some similar article, dips it in the freshly 
collected latex, and holds it in the smoke of a fire fed with wood 
and palm nuts. 

The smoke given off by the palm nuts is reputed to contain 
creosote and acetic acid, the former antisepticising the putrescible 
nitrogenous substances in the latex, while the latter causes 
coagulation. As the paddle is alternately dipped in the latex 
and held in the smoke, it will be seen that the resulting product 
consists of thin antisepticised films of rubber closely packed one 
upon the other. A minimum surface is exposed to light and 
atmospheric influences. The outside of each block or cake is 
blackened, but the interior remains a pale grey colour until the 
block is cut up, and it is exposed to oxidising influences. 

The bulk of cultivated Para latex is either allowed to 
coagulate naturally or this process is effected by the addition of 
chemical reagents. 

Natural coagulation occurs through the action of the proteid 
or albuminous matter which becomes insoluble or, as is more 
generally stated, coagulates. In the coagulum are included the 
caoutchouc globules and various other matters in the latex. 
Whilst the putrescible substances are present in the rubber, 
fermentation and putrefaction is always liable to occur providing 
moisture be present. However well the rubber may be dried 
during preparation, it is obviously impossible to protect it from 
the moisture present in the atmosphere, unless it be kept in 
specially prepared chambers. Too rapid drying encourages 
“tackiness.” But this form of “tackiness” is fundamentally 
different from that caused by the action of bacteria on the 
albuminous matters in the latex, which does not occur in rubber 
from which they have been eliminated. 

The commonest reagent employed to coagulate Para latex 
is acetic acid. The amount of acid required to bring about 
coagulation is usually about two or three drops to a gallon of 
diluted latex. The exact amount required must obviously 
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depend upon the percentage of albuminous matter present in 
the latex to be acted upon. Whilst the latex is in an alkaline 
condition the albumen remains soluble, but it is only necessary 
to neutralise or slightly acidify the latex to render it insoluble. 
The exact amount of acid to apply may be ascertained by test- 
ing with litmus paper. When the latex is in a neutral condition 
litmus paper will neither be turned red nor blue; immediately 
acidity is formed the latter will turn red. It is important to bear 
in mind, however, that in the addition of too much acid there 
is a danger of re-dissolving the proteids, thus retarding coagula- 
tion. Here again the putrescible matters remain in the rubber. 

It has been shown that in the manufacture of crépe rubber a 
certain amount of them are washed away, but no mechanical 
means exist for the extraction—of the whole from coagulated 
rubber. 

The use of centrifugal machines has been suggested for 
separating the caoutchouc globules free from proteids, resins, &c., 
in a similar way to that employed for treating animal milk, but 
Wright states: “ It is very difficult to separate the caoutchouc by 
centrifugal force, and on several occasions a speed of 10,000 
revolutions per minute did not effect a separation of the 
caoutchouc of normal latex.” 

The proteids may be kept quiescent in Para latex by adding 
some antiseptic substance, such as creosote, or corrosive subli- 
mate, z.é., bichloride of mercury. 

Creosote does not mix readily with latex, but if first diluted 
with alcohol in the proportion of ten parts alcohol to one of 
creosote the process is simplified. Biscuits prepared by Parkin 
from Hevea latex with creosote and acetic acid had not lost any 
of their tensile strength nor appeared to have deteriorated in 
any way eight years later. 

It was suggested at the Ceylon Rubber Exhibition that, as 
Brazilian Para rubber contained about 15 per cent. of moisture 
as against the 1 per cent. of moisture usually present in culti- 
vated Para rubber, the latex of the latter might be treated with 
creosote and the rubber blocked, leaving a large percentage of 
moisture, thereby saving the time and labour spent in drying 
rubber. Rubber so prepared has not met with much favour 
some buyers refusing to purchase the wet block although quite 
agrecable to accept that in a dried state. 
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Smoked plantation rubber has been generally well reported 
upon, and buyers state it appears stronger than the unsmoked 
product. 

Such rubber is obviously only antisepticised superficially, and 
consequently not sufficiently protected against the various agents 
responsible for putrefaction, tackiness, &c. 

For this to be effectually performed it is necessary to follow 
more closely the method adopted by the Amazonian collectors 
and smoke the latex. An apparatus for this purpose has been 
recently placed on the market (see Fig. 29). 

“This plant, which is the result of practical experiments and 
tests by Mr Da Costa, and is made by Messrs David Bridge & 
Co., the well-known rubber engineers of Castleton, Manchester, 
needs no chemicals whatsoever, so long as tropical forest woods 
are available for heating the boiler, as well as green foliage of 
palms for generating smoke in the boiler furnace. 

“The coagulating and smoking by means of this plant is the 
simplest of all operations in the rubber industry, and may be 
performed by any inexperienced hand, the process being as 
follows »— 

“The latex, being brought from the field, is strained if it is 
found to contain mechanical impurities, and then poured into 
the coagulating tanks. Steam is meanwhile being raised to 
about 30 to 35 lbs. in the boiler, forest woods alone being used 
for fuel. On to the burning wood in the furnace are then thrown 
green palm leaves, nuts, or any green twigs of tropical trees, the 
distillation of which produce acetic acid, whilst the fumes of the 
green foliage would be forjd to contain creosote to some extent. 
These fumes are accui creosl in a special receptacle after being 
cleared of cinders, &c., th nor» then forced into the coagulating 
tanks by a steam injector. 

“The force of the stee Ceyiolently agitates the latex, and 
during this operation every pned le of it is reached by the smoke. 
In about ten minutes, or rathé More if the quantities to be dealt 
with are very large, the caof ‘chouc globules coagulate and 
separate from the lyes and rise t» the surface. 

“The coagulated substance, after being allowed to cool off in 
the tanks, is afterwards taken to 4 small press and turned out 
in the shape of flat block rubber. “hese, in their turn, are then 
re-blocked into cube form, and ai :r being dried, either in a 


THE ANTISEPTICISATION OF RUBBER. 133 


Ww 


stove or vacuum, are ready for shipment. If the flat blocks are 
only lightly compressed into the form of cubes, whilst still being 
sufficiently air-tight in the centre to prevent discoloration setting 
in, they can be easily torn asunder by the manufacturers and 
used in their machines, without the extra labour of previously 
cutting them into convenient sizes. 

“Rubber prepared in this way retains all the native elements, 
as regards resiliency and tensile strength, of fine hard native 
Para, and will last as long as the wild rubber—if kept in a crude 
state, for years. 

“Tt is claimed for this coagulating plant, therefore, that it not 
only has the advantages of dispensing with the assistance of 
chemical agents in a liquid form, but also allows the producer 
to send to the market the only preparation that satisfies all the 
rubber manufacturers’ requirements at the various manufacturing 
centres throughout the world. In addition to this, the inventor 
claims that it also possesses the unique property of being the 
only apparatus which can convert the latex of the Castz/loa elastica 
into a rubber of equal market value, appearance, and colour to 
that of the best Para sorts exported from Brazil.” 


COAGULATION WITH FORMIC ACID. 


The principal objection to the use of formic acid as a co- 
agulant has been its greater cost than that of the acids more 
generally employed, but less is required to effect coagulation, 
and it has valuable antiseptic properties. 

It is now reported that formic acid is being manufactured 
synthetically on a large scale by the Nitrifabrik Aktiengesell- 
schaft, of Cépenick, at a low cost, and it is considered that it will 
therefore prove a valuable substitute for acetic and similar acids 
in view of its antiseptic properties. Spence, who has conducted 
experiments in the coagulation of Hevea latex with this reagent, 
states :* “For the sample of latex in question it was found that 
as the result of three separate determinations, using six samples 
of latex, to whtch measured quantities of 5 per cent. formic 
acid were added, that the most rapid and complete coagulation; 
resulting in a product of standard quality, was obtained when to 


* [ndia-rubber Journal, pp. 425-426, 20th April 1908. 
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each 500 c.c. of latex 20 to 25 c.c. of a 5 per cent. formic acid 
solution were added.” And in summing up the results of his 
experiments: “(a@) Much less formic acid than acetic acid 
required ; formic acid, having more than double the value of 
acetic as a coagulant, is more economical from a practical stand- 
point. (&) Formic acid is of marked value as an antiseptic agent, 
preserving the raw moist samples of rubber prepared by means 
of it from putrefaction and decomposition. It would appear, 
indeed, that in this condition formic acid combines the properties 
of acetic acid and creosote, and could be employed, therefore, with 
advantage where coagulation by means of acetic and creosote is 
indicated (moist block rubber). ” 


DISCOLORATION OF RUBBER AND OXIDISING ENZYMES. 


Lack of uniformity as regards the colour of plantation rubber 
is often the cause of inferior prices being realised, and rubber 
brokers state that this is one of its primary defects. 

Kelway Bamber is of opinion that discoloration is due to 
the action of an oxidising enzyme on the soluble organic matter 
in the latex. He states that the enzyme may be destroyed, and 
the colour of the rubber uniformly maintained by heating the 
latex or the rubber after coagulation. 

By the first method the latex should be raised to a i 
ture of 167° Fahr. by the incorporation of steam. 

For the destruction of the enzyme in the rubber, immediately 
after it leaves the rolling machine, it should be immersed in hot 
water, ze, temperature about 170° to 180° Fahr., for several 
minutes. The heated rubber should then be re-rolled and again 
immersed in hot water for a short time. 

In Vol. iti. No.4 of the 4z0-Chemzcal Journal, Spence contributes 
a valuable article on the presence and function of oxydases (ze, 
oxidising enzymes) in latex, wherein he states that the darkening 
in colour of raw rubber is due to an oxydase which is associated 
with the protein or the so-called insoluble constituent of the 


rubber. 
“ "TACKINESS.” 


The sticky or “tacky” condition so commonly associated 
with the lower grades of rubber and which has frequently been 


SS ee OE SL ee 


THE ANTISEPTICISATION OF RUBBER. 135 


observed on cultivated Para rubber, is largely due to the action 
of bacteria on the proteids and, perhaps, some of the gummy 
and sugary matters present in the rubber. A similar condition 
is, however, frequently observed in rubber which contains a 
large percentage of resinous and oily substances, which have a 
low melting point. | 

The tackiness due to micro-organisms is readily infectious, 
and care is therefore necessary to separate sound rubber from 
affected rubber. 

Tackiness may be often observed on the latex left adhering 
to collecting vessels, tapping knives, &c., so that it is necessary 
to keep all articles employed in the tapping, collection, and 
preparation of rubber scrupulously clean, with a view to avoid 
infection. 

Thorough drying and antisepticising the rubber are, however, 
the most effectual means of combating this evil. 


CHAPTER XII. 
DRYING AND PACKING RUBBER FOR EXPORT. 
DRYING THE RUBBER. 


WHATEVER system of preparing the rubber be employed it is 
essential to thoroughly dry it previous to shipment. In the 
moisture laden atmosphere of the tropics this naturally takes 
considerable time unless artificialaid be called in. It has already 
been shown that the presence of moisture in the rubber encour- 
ages putrefaction and “tackiness.” The sooner it is expelled 
from the rubber the better; still, high temperatures are not 
advisable, as unvulcanised rubber is very sensitive to high 
temperatures, which cause softening, a less of nerve, and 
bubbles #0 form on the surface of the rubber, which spoil its 
appearance. Para rubber will bear more exposure to heat with- 
out detrimental effects than those grades which contain a larger 
percentage of resinous and oily matters, but it is considered that 
a higher temperature than 110° Fahr. is liable to prejudice it. 
The commonest method in vogue is that of passing over the 
rubber a current of hot dry air. 

Drying houses similar to those employed in the manufacture 
of cocoa have been advantageously employed on some estates 
In these hot air is drawn from a furnace situated at one end of 
the building through iron ducts by means of fans fixed at the 
opposite end of the building. A fairly constant temperature can 
be obtained, and in the case of cocoa drying it is often maintained 
at 110° Fahr. The rubber in these is usually placed on shelves 
made of wire netting. 

Drying houses on the same principle as flue-curing tobacco 
barns could also be satisfactorily employed, providing sufficient 
ventilation were supplied. In these the furnace is built of 
bricks. It is placed outside the building and sunk in the ground 
in such a manner that the flue enters the building just above the 
floor level, 
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The flue is composed of heavy black iron from 12 to 15 inches 
in diameter, and runs round the building at about 3 feet from the 
walls. It issues from the same wall by which it enters the 
building, but at the opposite corner, where it is connected with a 
smoke stack and thus runs round three sides of the building. In 
a building measuring 20 ft. by 20 ft. by 20 ft. a temperature 
up to 110° Fahr. could be maintained if desired with a single 
flue such as that described. Larger buildings would require 
more flues in proportion to the increase in size. Shelves of wire 
netting on which to place the rubber could also be arranged all 
round this building. 

Drying of rubber by calcium chloride has also been suggested. 
Ridley states that the expense is not great, as calcium chloride 
is quite cheap and practically lasts for ever. 


VACUUM DRYING. 


Vacuum drying is the most expeditious method, and is being 
employed on many rubber estates. 

By the adoption of this method moisture can be rapidly 
extracted from the rubber without exposing it to injuriously high 
temperatures, and the process is quite independent of climatic 
conditions. 

Less fuel is required than by the hot air drying method, as 
in the latter it is estimated that only about one-third of the heat 
conveyed by the air is given up to the rubber since the air has 
to pass too quickly through the drying-rooms to take up all the 
moisture of which it is capable. On the other hand, if the hot 
air be made to travel slowly with a view of taking up a greater 
percentage of moisture, the drying of the rubber is considerably 
retarded. The hot air likewise frequently contains dust which 
is liable to be deposited on the moist surface of the rubber. 

Far less space is required for vacuum drying than for hot air 
drying, as in the latter case it is necessary to leave sufficient 
space between the rubber blocks or sheets for a free current of 
air to pass around them. Hot air dried rubber is frequently 
hard on the surface, whereas the reverse condition is obtained in 
a vacuum dryer. 

The enormous economy which is effected in fuel by vacuum 
drying will be better appreciated if it be borne in mind that 
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under vacuum the boiling point of water is reduced from 212° 
Fahr. to about 95° Fahr. 


THE PASSBURG VACUUM DRYING CHAMBERS. 


Passburge vacuum drying chambers are already in use on 
several Para rubber plantations in Ceylon and Malaya. It is 
interesting to note that two are in use at the Lanadron Estate 
(of “block rubber” fame), Muar, Malay, one at the famous 
Culloden Estate, Ceylon, and also at the Vallambrosa and 
Highlands and Lowlands Estates. 

We are indebted to Mr J. Livingston, the British and 
Colonial agent for Passburg drying apparatus, for the following 
particulars in regard to them :— 

“The vacuum drying chamber is designed to remove the 
water rapidly and at low temperatures especially from such 
materials as, on account of their sensitiveness to heat, could not 
be dried by methods hitherto used without altering their chemical 
composition, or required to be subjected to the drying process 
for too long a time for practical and economical purposes, and 
these difficulties increased when the articles to be dried were of 
perishable nature. But also for such substances as can be dried 
without injury under a higher temperature, this dryer can be 
used with great saving in time, fuel, cost of plant, and working 
expenses. 

“The dryer consists of a cast or wrought iron chamber or 
cylinder which is closed hermetically at one or both ends 
by doors. 

“The chamber contains a number of closed steam or heating 
shelves or pipes (also for hot-water heating) arranged one above 
the other, in which small pipes for the admission and exit of the 
heating steam or hot water are fitted. The shelves are, as a 
rule, made strong enough for a test pressure of go Ibs., the pipes 
for a higher pressure. 

“On these are placed iron, copper, galvanised perforated iron 
or earthenware trays, or trolleys, which contain the material that 
is to be dried. After the door of the dryer, which is fitted with 
an india-rubber joint, has been closed, a high vacuum of at least 
28 inches of mercury or more is created by means of an air pump, 
whilst exhaust or live steam or hot water passes through the 
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heating shelves or pipes. At a very moderate temperature of 
the material that is to be dried—about 95° Fahr. (35° Cent.) 


Fic. 30.—The Passburg Vacuum Drier. 


—the water, owing to the vacuum, begins to evaporate briskly 
out of the substances, and the latter dry rapidly. 
“yen materials which are very difficult to dry, and which by 
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other methods it takes days to dry, or which cannot be dried at 


all, when placed in these chambers are usually dry after a few 
hours, without the substances being in the least impaired 
through being overheated. 

“The charging of the chamber is simple and easy, the w pe 
ing very clean and reliable. The temperature can be regulated 
by valves in the steam pipes. The drying is absolutely certain 
and is quite independent of climatic conditions. 

“By using hot water for heating, and by means of an air 
pump giving a high vacuum, the evaporation of the water con- 
tained in the materials that are to be dried takes place at as 
low a temperature as 63° Fahr. (17° Cent.). 

“ The rubber sheets, biscuits, or crépe are spread evenly three 
or four layers deep on trays, which are then placed between the 
heating shelves of the dryer. By means of a small air pump a 
vacuum of about 28 to 283 inches is produced within a few 
minutes of the closing of the swing hinged door. This pump 
requires from 14 to 2 H.P. at first, but in a few minutes ? or 
1 H.P. suffices to maintain the vacuum. 

“The steam that has been used to drive the pump is passed 
to the heating shelves of the chamber and is sufficient to dry 
the rubber. 

“When the temperature of the wet rubber reaches about 90° 
Fahr., evaporation most rapidly takes place. The vapour passes 
to a small surface condenser, the pump being a dry one. 

“The temperature of the drying rubber remains constant, 
slowly rising towards the completion of the drying. A charge 
is dried in from 1$ to 2 hours, and four to five charges can be 
dried within 10 to 12 hours. 

“Vacuum dried rubber remains much more elastic and softer 
to the touch than air dried ; this is owing to the absence of the 
air with its oxygen, its surfaces have not become hardened or 
oxidised. The only heat required is the steam to drive the 
air pump ; its steam cylinder is 4,5, 1n. diameter by 6,2, in. stroke, 
or say steam equivalent to about 1 H.P. 

“The drying is quite independent of climatic conditions, and 
the space occupied is very small. 

“The chamber, pump, and condenser are erected and tested 
in the works for air and steam tightness. The pump and con- 
denser are packed and sent complete ready for placing in 
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position. The chamber has the door and shelves removed, which 
are packed separately, so reducing the weights to three named 
on the quotations. Detailed drawings and instructions are 
sent as to erecting and setting to work, and no trouble is 
experienced in doing so. The connecting pipes depend upon 
the placing of the chambers, pump, and condenser to suit Jocal 
arrangements, and are best obtained locally after the items are 
in position. : 

“If the estate is remote from an engineer’s, then Mr Passburg 
could,.as he often does, arrange the parts he considers best, and 
supply and fit the connecting pipes, sending a liberal allowance 
of piping, valves, bends, joints, &c., for connecting up to boiler, 
cooling water supply, waste steam, &c., furnishing a drawing so 
that the items can be placed to suit the piping. 

“The additional price for such pipes and fittings if ordered 
with the plant is 437 for No. g size. 

“Double sets of trays are provided, so that whilst one set is 
within the chamber the attendant can be emptying the other 
set of the dried and refilling with wet rubber, an exchange of 
trays thus occupying a few minutes only. 

“No. 9 size receives about 140 Ibs. of wet rubber per charge ; 
No. 12, another usual size for plantations, about 190 lbs. per 
charcex 


SHAW’S RUBBER DRYING STOVES. 

' The writer is also indebted to Messrs Francis Shaw & Co. 
for the illustration and particulars of their “Scott” patent rubber 
drying stove (Fig. 31). 

These stoves are now largely used for drying rubber on the 
plantations. They are made in the following sizes :— 


Square Feet 
Internal Dimensions of Stoves. of Rubber at 
one Charge. 


« | Number of 
No. Shelves. 


I 8 3.{t. 9 in. by 2 ft-14n-by 2 ib o 1m. 56 
2 L2 Sore OD) «ot = Oo . Sy eee ee 84 
2 te) See Oy aye lee keel 0 eee ee 140 
4 15 3 Oo aa a 210 
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Stoves Nos. 1 to 4 require a 1 N.H.P. boiler, and Nos. 5 and 
6 require a 2 NEP boiler: 

The number of square feet of rubber at each charge is 
calculated on the shelves being about 2} inches apart in each 
case. This is suitable for crépe, biscuit, or worm rubber, and if 
required for drying rubber in blocks, the distance apart of the 
shelves will be increased to suit the sizes of blocks used. 

We may state that the areas given refer to one side of the 
shelves only on which the rubber is placed, and does not take 
into account the drying surface of the underside of the shelves. 
The inspection fittings of this apparatus enable the operator to 
watch the progress of the drying. The stoppage of the flow of 
water driven off from the rubber indicates when the process is 
complete. 


BRIDGE’S VACUUM DRIER. 


Another form of a vacuum drying plant is shown in Fig. 32. 


PACKING RUBBER FOR EXPORT. 


The *mportance of keeping rubber dry and protecting it from 
bright light during the time which elapses between manufacture 
and despatch to market will be apparent from the preceding 
remarks. Good stout wooden cases should be used in packing, 
as rubber contracts in transit, and when the cases containing it 
are roughly handled the sides are liable to be knocked out. 
Ordinary tea-chests with an iron rim have proved satisfactory. 

Carefully grade all rubber; light and dark coloured samples 
of each grade should not be mixed. To prevent the danger of 
contaminating sound with “tacky” rubber they should be kept 
separate. No packing material such as paper should be used 
which is liable to adhere to the rubber in transit, and the interior 
of cases should be free from loose splinters, shavings, saw-dust, 
&c., for a similar reason. To prevent dust and dirt entering the 
cases and adhering to the rubber, wax- paper might be beneficially 
employed. 

The loss in weight of plantation rubber in transit varies 
between } and #? per cent. 

“Fine Para” is usually received in packages weighing from 
280 to 300 lbs., but brokers suggest that packages of plantation 
rubber should weigh from 1 to 2 cwt. each. 


CHAR DER X11. 


WIELD OF “PARA RUBBER FROM CULTIVATED 
TREES. 


THE amount of rubber which Para trees of a given age may be 
expected to yield is a point about which it is impossible to give 
any really accurate data at the present time. To obtain this 
information, careful records will have to be kept for a long period, 
of trees growing in different countries and under various con- 
ditions. Such statistics as are available will be of interest. 


LE CEYVLON.*= 

“The late Dr Trimen commenced in 1888 to tap one of the 
original trees at Heneratgoda, then nearly twelve years old and 
504 inches in girth a yard from the ground. 

“It was tapped on seven days between 25th January and 
15th February, yielding 17} 0z. of rubber; on six days between 
20th July and 29th August, yielding 7 0z.; and on four days 
between 6th and 20th December, yielding 44 0z., a total of 1 Ib. 
12% 0z. The same method was followed in alternate years, with 
results as shown below :— 


Ibs. 072. 

1888 - - - : eu hiebe? 
1890 - : - : : = ,2 .10 
1892 : - - ; : by 2) 23 
1894 - : ; ; ae 
fe ae Pome PN Oe, 3 Cod 
Total - ey, 


“ The average yield of this tree from the twelfth to the twenty- 
first year is thus almost 1} lb. per annum.” 

An illustration of this tree is given (Fig. 2). It is growing on 
poor, gravelly soil, a by no means ideal spot for its successful 
cultivation. In fact, I saw trees in Ceylon six or seven years 
younger better developed than this tree. 


* Royal Botanic Gardens, Ceylon. Circular No. 4. 
K 
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When in Ceylon I was shown three Para trees (age unknown ) 
which had recently been tapped and had yielded 21 lbs. of rubber, 
and they exhibited no ill effects. 


II. MALAY PENINSULA. 


Mr Arden* gives the following results obtained from tapping 
trees at ages varying from three and a half to ten years :— 


Ibs. oz. 
34-year-old trees gave - - Ot Tee 
4 ” ” "dl is =i ke 2.25 
i ” ” = i - 0 14.275 
8 es $s - - YUn7s 

To ” ” 7: S ~ 2 4.0 


The largest amount of dry rubber obtained from a ten-year- 
old tree was 5 lbs. 63 oz. The tree was 5 feet 3 inches in cir- 
cumference, and was tapped with herring-bone incisions renewed 
on fourteen alternate days. 

A treet in the Botanic Gardens, Penang, has yielded the 
following quantities of rubber year by year since 1897 :— 


Approximate 
Date of Tapping. Age of Tree Yield. 
in Years. 
Ibs. oz 
June 1897 Ee - I! sae 
November and December 1898 “ (eae 20 
April and May 1899 - - 13 2° 8 
November and December 1899 - - 134 2g 
October and November 1900 - - 144 3-93 
August and September rgot : - 15 2. 2 
. * 1902 - - 16 2 133 
May 1903 - - - - 163 aoe 


Mr Francis Pears} gives the following account of tapping in 
Perak :— 

“In case you have not received previous information, I 
append particulars of the yield of two cultivated Para trees at 
Gapis Estate, in Perak, reputed to be twenty-five years old. 
The tapping was conducted by Mr Baxendale, and extended 
over two months, and was done evidently with the intention of 
procuring a maximum yield. 


* Report upon Hevea brasiliensis in the Malay Peninsula. 
t Stratts Settlements Agricultural Bulletin. 
| India-rubber Journal, 2nd Feb. 1903. 
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Tree No. 1. Tree No. 2. 


“ Girth at 1 yard from the ground = -_—s 8g in. 56 in. 
Ibs. oz. Ibs. oz. 
Yield of clean rubber (dry) - EertS at? Lies 
Yield of scrap rubber (dry) - Skane ee a’) 
Total - Si ite ore, L2e 0G 


“Tree No. 1 had never been previously tapped, and was worked 
from three channels, whereas tree No. 2 was worked from two 
channels only, and was tapped during 1gor, and yielded 3 lbs.” 

Tapping experiments conducted in Perak in 1900, on eighty- 
two trees averaging fourteen years old, produced 341 lbs. of 
rubber, or an average of 4.2 lbs. per tree.* 

Six-year-old trees on the Inch Kenneth Estate, Kajang, 
Selangor, were tapped in 1902 on fifteen consecutive days, and 
yielded an average of 1 lb. 2 oz. of dry rubber per tree.+ 

Four fourteen-year-old trees, growing in the Bukit Sebukor 
Forest, Malacca, were tapped in April and May 1903, and 
sierded 10. lbs. 2 oz. of cake rubber, and 2 lbs. 2 oz. of scrap 
Eiioder, 7.2, an average of 3 1b. 1 oz. per tree. 


III. GOLD COAST, WEST AFRICA. 


Four ten-year-old trees growing in the Gold Coast Botanic 
Garden, which is situated 1,500 feet above sea-level, were tapped 
for the first time in 1903, and yielded 4 lbs. 3 0z. of dry rubber, 
or an average of 1 |b. o# oz. per tree. 

This yield must not, however, be taken as a criterion of 
the anticipated yield for trees of this age cultivated in West 
Africa. The trees above referred to are growing in poor, 
cravelly soil on the top of a hill, a position unfavourable for 
their proper development. I am quite convinced that the con- 
ditions obtaining in many parts of West Africa are quite as 
favourable for the successful cultivation of Para rubber as those 
in Ceylon or the Malay Peninsula. 

From the tapping results given above, it will be understood 
how difficult a matter it is to arrive at any really satisfactory 
estimate of the amount of the yield to be expected from culti- 
vated Para trees. Providing the site for the plantation has been 


* Report by Mr Derry, Superintendent of Government Plantations, 
Perak, 1900. 
+ Straits Settlements Agricultural Bulletin, Aug. 1902. 
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carefully selected, and cultural details attended to, about 50 per 
cent. of the trees should be ready for tapping at the end of the 
sixth year; but whether tapping should take place must of 
Sos depend upon the price of labour, as only an average of 

1 lb. of dry rubber can be expected from sare tree tapped at 
that age. 

The following year practically every tree on the plantation 
should be ready for tapping, and the average yield would be 
about ? lb., and the following year 1 Ib. 

ieee ae are, of course, only very approximate, and much 
below the returns obtained on many estates, both in Ceylon and 
in the Malay Peninsula. 

Many pages might be filled with records of rubber obtained 
by different tapping methods from trees of various ages in 
different countries. 

Really astonishing amounts of dry rubber have been obtained 
in a given year from trees of various ages; for example: six- 
year-old trees have yielded 2 lbs.,.eleven-year-old trees 16 lbs., 
and twenty to twenty-five-year-old trees 25 lbs. The reports 
of such «results, although most acceptable to the company pro- 
moter, are distinctly misleading. In many cases the high yields 
obtained have been from individual trees and by drastic tapping 
methods. Alongside of these yields it would be instructive to 
read the yield of such trees in subsequent years, and also the 
yield of the trees growing under like conditions but not so 
severely tapped. In view of the numerous factors which affect 
the yield of Hevea trees it is almost impossible to even fairly 
accurately estimate what the average yield of a plantation of 
these trees will be during any particular year. This must of 
necessity. be largely affected by soil and climatic conditions, 
methods of cultivation, tapping methods adopted, distance the 
trees are planted apart, and the extent to which previous tappings 
have been carried out. 

Providing these conditions be favourable, an average annual 
yield of 13 lb. of dry rubber per tree should be obtained from 
the seventh till the twelfth year of its age. What the yield of 
trees, tapped annually from the sixth till the twelfth year, will be 
during the thirteenth and subsequent years it is too early to 
state, but probably the yield will gradually increase annually till 
21 lbs. of rubber per tree are obtained. 
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Far larger yields have been obtained, but it remains to be 
proved whether such amounts of rubber can be extracted by the 
present methods of tapping in vogue without unduly injuring 
the trees. 

The fairest estimate can be obtained by studying the yield 
from a large number of trees. The following statistics have 
therefore been compiled to show the rubber harvested during the 
last three years by various rubber planting companies. Un- 
fortunately it is neither possible to indicate the age of the trees 
nor the methods of tapping employed. We may, however, 
safely assume that, in view of the comparative infancy of the 
Hevea rubber planting industry, the average age of the trees 
cannot be more than seven or eight years, and as, in the 
majority of instances, it would be directly antagonistic to the 
planter’s interest to unduly over-tap his trees, reasonable modera- 
tion was observed in tapping operations. The writer has 
collected the following returns from a large variety of different 
sources, and has exercised due care to ensure accuracy ; he there- 
fore trusts that interested parties will accept his apologies if 
errors have crept in. 


1905. 
| Total amount; Number of | Average | 
: Names of Companies or Estates. of Rubber | Trees Yield per | 
Collected. lapped. Tree. 
Lbs. Lbs, 
Kalutara Rubber Co. - - - 1,419 L225 1225 
_ Ceylon Tea and Cocoanut Ivstates - 958 Ly Gt 0.54 
_ Rayigam Tea Co. - - : 2,220 1,800 1.23 
Bukit Rajah Rubber Co. Ltd. =) 345457 34,457 1.00 
| Neboda Tea Co. - 2 820 370 2.21 
| Passava Group Estate - - : 740 370 2.00 
- Kaltura Estate - : - - Paitin Mo, 7 Sr e72 
| VaganTeaCo. -~ - - - 3,056 | 2,800 1.09 
| Yatiyantota Tea Co. - - . §,212 4,636 1 
Sunnygama - - - - 325 100 Bes 
Yataderiya Tea Co. - - 2,055 Bia24 0.53 
Kepitigalla = - - - . 30,000 10,000 3.00 | 
Gikiyanakanda - - 7,529 5,598 1.34 
| Balgownie — - - - - Pogo a a 200 G32 
Total - ae - | 108 648 Me ooye yeu. i135 


| 
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1906. 
/Total amount) Number of Average | 
Names of Companies or Estates. of Rubber ‘Lrees Yield per 
| Collected. | ‘Tapped. Tree. 
Lbs. Lbs. 
Consolidated Malay Rubber Estates 32,693 | «11,348 2.88 
Highlands and Lowlands Para 
Rubber Co. = - = (2) } 9873323 ) °383:630-7"" eae 
. : » (6) 5,742 807 | 7.11 
+3 9 »  (¢)| 38,952 | 39,874 | 0.97 
Kalatura Co. Ltd. - - : - 8,126 4,370 1° 22 
Anglo-Malay Co. - =, Re eg T 60,991 | 1.63 | 
Cicely Rubber Estates - - -| 9,184 6,919 | 1.32 
Bukit Rajah Rubber Co. Ltd. - | 118,982 85,445° 4) Saree 
Malacca Rubber Plantations Ltd. - 14,500 30,000 | 0.48 
Anglo-American Direct Tea Trading 3,281 1,172 2.79 
Blackwater - . - - = TO ee %,744° |: 21.46 
Pelmadalla_ - - . - - | 602 > 500 |~—s«i..20 
Yatiyantota  - - : - -+ 8,790 tb “46360 1.89 
Shelford - . 2 -| 6,805 | 9,636 0.70 ° 
Sandycroft  - - . - + /TO19S 13,046 1.24 
Yataderiya = - ej. - He (RODE ale = “Kay 1.34 
Ledbury ; - | 2,057 35755 0.54 | 
Asiatic Rubber and Prete Co. Ltd. 8,045 53270 |, t3eeae 
Eastern Produce and Estates Co.Ltd. | 22,558 20,735 | hes 
Golden Hope Rubber EstatesCo. Ltd. 2,640 880 | 3.00 
Kepitigalla Rubber Estates Co. Ltd. 46,612 17,572 | 2.65 
Patalang Rubber Estates Syndicate | | 
Ltd. - - : - - -+>° 43,301 3Y, 330 1.10 
Total - - - - - | 605,458 | 412,528 | 1.47 
1907. 
|rotal amount Number of Average 
Names of Companies or Estates. _ of Rubber Trees Yield per 
Collected. Tapped. Tree. 
igor Lbs. 
Bertram Rubber Co. Ltd. - - | 19,781 16,782 19 
_ Castlewood Rubber Co. Ltd. - 7 3.048% 1,500 1.95 
| Federated Malay States Rubber Co. | 
| Ltd. - - = RLY 2,335 2.60 
Attapadi Tea and Rubber a. = o,803 * 035 1.83 
_ Kelani Valley Tea Association - | 133 117 1.52 
_Sunnygama Ceylon Tea Estate Co. | 
Ltd. - - - - “| 5,500 1,712 0.87 
Shelford Rubber Estate Ltd. : il ee es 20,000 0.57 
| Highlands and Lowlands Para 
Rubber Co. Ltd. - - - | 131,252 48,823 2.68 


Carry forward ; : - | 208,534 106,304 
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1907—Continued. 


a 


Names of Companies or Estates. 


Total amount 


Number of 


Average 


Brought forward - . : 
Anglo-Malay Rubber Co. Ltd. ' 


Balgownie Rubber Estates Ltd. - | 


Cicely Rubber Estates - - 


Duckwari on) Tea Plantation | 


Co. - : 
Kuala Lumpur Rabpee cu 


(Wardieburi)  - - - | 


Kuala Lumpur Rubber Cor Ltd. 


(Kent) — - - 


Perak Rubber Piantations Ltd. = 
Sione Rubber Co. Ltd. - - : 
Vallambrosa Rubber Co. Ltd. x 


Total 2 > - - - 


of Rubber Trees Yield 
Collected. Tapped. per Lree; 
| Lbs. Lbs. 
208,534 | 106,304 
BIA po |  Oo,230 3.29 
10,642 | 8,000 1.33 
19,069 | 8,020 2527 
419 182 2.30 
Ltd. 

Oy2 Lt 53035 1.83 
29,868 9,466 Baie 
10,727 12,600 20 

8,385 5,967 1.40 

153; 131358 147,101 1.04 
680 oes | 370,911 i a 


paren companies en not ete in their reports te aioe 
of trees tapped, but instead, state the yield of rubber from a 


given acreage. 


A comparison of such reports for the year 1906 


shows that the average yield of rubber per acre varied from 


57 ibs, to.151 Ibs. 


Extracted from report of Vallambrosa Rubber 


31st March 1907. 


m7) n : e . 
3 Be Fi ee: eC Bs | § 
one &. Ons Es = DO © <x 
Bip 4. Bee | Se lee] sy Rorierie 
: oF ts Be oo Sl 8 3 es re Remarks. 
5p Ss ;5 Soh! = a) ac) 
3S pa ° fo) = ro) mB ~~ 
2 as 7, 7 2 a oa 2 
g ere a 7 = 
Feet Lbs. Lbs. Lbs. si 
: Planted 1899 (about 
A 3 | 
60a | 24 < 12 A,OAZ We Si 1,2 12,765 77 2r2h{ 150 trees peracre).. 
This field was 
planted through 
8,000 | 3 1 coffee in 1898, 
AM OPS fee 2 13 | 54,451 | 242 | 363 and thinned out 
to 260-270 trees 
per acre. 
{ Planted 1900. 
40 | 12X10 G,225.\' 2 I 6,225 | 155 | 155 Thinned to 250 
| trees per acre. 
Planted from 1899 
10,000 | 3 \ 
I 70,820 l to1go1. Thinned 
a «< 
680 | 12X10 best % | to 250-270 trees 
29,113 | I |5 02) 9,097 per acre. 
930 147,101 153,358 


Co. Ltd., for year ended 
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1907-3. 


Names of Companies or Estates. 


Perak Rubber Plantations Ltd. 


Federated (Selangor) Rubber Co. Ltd. 
_ Vallambrosa Rubber Co. Ltd. 
_ Bukit Rajah Rubber Co. Ltd. 


Total - 2 


Total : Average 
Amount of | ae of Yield | 
' Rubber | per 
| Collected. Tapped. Tree. | 
Lbs. Lbs. | 


34,770 18,150 | 1.91 
23,618 27,483 .86 


226,302) £52,595) team 


163,521 |. 89,205 | 285 9 
447,211 | 287125 eG er 


As WAG nel OO CD, A 


ESTABLISHMENT AND MAINTENANCE OF A PARA 
RUBBER PLANTATION. 


I. CEYLON. 


THE expenditure required for the establishment and upkeep of 
a Para rubber plantation is small in comparison with that required 
for plantations of many other products in the tropics. 

Expenses will of necessity vary in different countries in 
proportion to the cost of labour, land, and transport. I therefore 
propose to give estimates having reference to the two countries 
where Para rubber is at the present time most extensively 
cultivated. These are Ceylon and the Malay Peninsula. 


a 
RUBBER IN CEYLON.* 
Cost of Opening Land, D:stances to Plant, &c. 


Ceylon figures: Rupee=Is. 4d. English money. 
First Year. 


1. Purchase of land, say 200 acres at Rs. 50 per acre Rs. 10,000 
2. Felling, burning, and clearing at Rs. 15 per acre - - 3,000 
3. Roads and drains at Rs. 12 per acre - - - 2,400 
4. Lining R. 1, and pegs R. 1, 154 by 154, 200 to acre, at 
Rs. 2 per acre - - - : 400 
5. Holing Rs. 4 and filling R Rs. 3 at ne 7 per acre: - : 1,400 
6. Cost of planting 45,000 at Rs. 12 pet 1,000 - : 540 
7. Nurseries and upkeep — - : - 100 
8. Planting R. 1 and shading Rs. 2 at Rs. 3 per acre - 600 
g. Weeding, April to December, at Rs. 2 per month . 3,600 
1o. Bungalow, Rs. 2,500, lines, &c., at Rs. 600 per acre - 3,100 
11. Superintendent Rs. 3,000, Conductor Rs. 600 - - 3,600 
12. Tools and contingencies - - - - 250 
‘Total cost of opening 200 acres for first ycar - Rs. 28,990 
= £,1,926 


* By Francis J. Holloway. /udia-rutber Journal, 9th May 1904. 
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Second, Third, Fourth, Fifth, Sixth Years. 


Supervision - . . - - Rs. 3,600 
Weeding - - - 2,400 
Upkeep of roads and drains : : 300 
Upkeep of buildings . : : 250 
Supplies — - . : : 200 
Sundries - - : : : 250 


Rs. 7,000= £466 13 4 


By five years - Rs. 35,000= £2,333 6 8 


Total cost of 200 acres to end of the sixth year, Rs. 63,990— 
or, say, £4,200—to bring 200 acres of land into the seventh year 
in rubber. ; 

The same writer* estimates that in 1902 he collected 1,362 
Ibs. of good rubber and 60 Ibs. of scrap rubber at an average cost 
of 4d. per lb. This was made up as follows :-— 


‘Tapping and curing - - - Rs. 570.63 say £38 oO 9 
Packing boxes and transportation : FEES 2: oe 


Proportionate share of cost of an outfit of 
collecting tins, tapping knives, and 
coagulating tins” - - : 36.60 ,, 2 8 10 


Total cost of placing 1,362 lbs. of 


rubber in Colombo — - - Rs. 638.36 ,, f:42 Tee 


The following estimate of costs for the establishment and 
upkeep of a plantation of 20 acres was prepared for me in 
1902 by a well-known planter in the South Kalatura district, 
Ceylon :— 


Cost of seeds, 8,000 at Rs. 12 per 1,000 - Rs. 96 
Nurseries - - - - : yO 
Felling, Rs. 8 per acre - : : 160 
Roads and drains, Rs. 4.50 per acre - : go 
Lining and pegs, Rs. 2 per acre ; : 40 
Holing, 18 inches deep, Rs. 2 5° per acre - 50° 
Filling holes” - - : : 25 
Weeding first year, Rs. 1.50 - 30 
Carry forward - - Rs.561= £37 8 o 


* JIndia-rubber World. 
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Brought forward — - -Rs. 561= £37 8 o 
Second year— 
Weeding, 20 acres, ‘at R. 1 per month= 


Rs. 240 - Spe ele ee R id ape A) 

Watchman, Rs. 15 per month= a 180 - 

Third year rf rs 420= rtaMe fore Me, 
Fourth year (weeding stopped, not necessary)— 

Watchman, Rs. 180, drains, Rs. 50 = 230 - 230= Coy Ono 
Fifth year } - 230 = E5013 
Sixth year i Sa — Ls. 1S 
Seventh year _,, . 240 = Is ea 0uge 

Cost up to seventh year Rs. 2,321=4154 14 8 


It should be observed that the cost of superintendence is not 
charged in the above. 

Mr F. Lewis, Assistant Conservator of Forests, Ceylon, gives 
the following estimate of cost of opening and planting 300 acres 
of forest land with rubber :— 


Felling and clearing 300 acres of forest at Rs. 12 per acre - Rs. 3,600 
Lining 300 acres, 10 by Io feet, at Rs. 2 per acre - . 600 
Holing 300 acres, at 75 holes per oe at 40 cents, 

130,680+75 by 4o_ - - - 697 
Filling and planting and carrying Sans from nursery to holes, 

300 per coolie at 40 cents, 130,680 300 by 4o : 175 
Draining 300 feet of drains per acre at 1 cent per foot run - goo 
Lines for coolies, one shed of ten rooms of 12 by to feet, 

mud walls and battacola roof, at Rs. 30 per room - 300 
Roads for inspection, two miles, at Rs. 80 per mile - - 160 
Bungalow for assistant, improvements to present buildings at 

Midelland plantation - - - - 75 
Plant nursery, including watering of Beda beds ; - 150 
Weeding (assuming the opening of the land to be in July 

1897) at R. 1 per acre for six months = 300 by 6 - 1,800 
Cost of surveying lines round plantation, say - - - 57 
Contingencies, such as special work, bridges over streams, or 

supplying vacancies, &c. - . - 250 

Total actual outlay : _- Rs. 8,782 
(4585 9 4) 


Carried forward - - - - Rs. 8,782 
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Brought forward - - - - Rs. 8,782 
Special Expenditure. 
Salary of assistant for one year . - Rs. 1,000 ‘ 

Coolie to carry letters and orders - . - 120 
Tools (cost of supply) - : : - .» 300 

1,420 

Rs. 10,202 

(£680 2 6) 


Estimated return off 300 acres of forest to be planted with 
rubber :— 


600 trees sold standing at Rs. 2 per tree - - - Rs. 1,200 
Value of firewood and “ritti,” after deducting cost of working, 

Rs, ro per acre - - - - : 3,000 

Total credit of first year’s work : - Ks. 4,200 


(4280) 


EstiMATE OF Cost oF PURCHASING 100 ACRES OF LAND AND 
PLANTING WITH PARA RUBBER.* 


Cost of 100 Acres of Land. 


Forest, say at Rs. 60 per acre - 
Chena, say at Rs. 40 to Rs. 45 per 
acre - - - | 
Clearing— 
roo acres of forest at Rs. 20 
per acre - - 
100 acres chena at Rs. 15 to \ 
Ks 27 peracre 
Nurseries and seeds-— 


-say Rs. 50.0 per acre Rs. 5,000 


-say Rs 17.50 per acre 1,750 


40,000 seeds at Rs. 7 per 1,000 - - Ks. 280.0 
30,000 baskets, Rs. 4 per 1,000 - : - 120.0 
Making nurseries, including sheds for basket 

“s plants, sowing seed - : - 60.0 
Upkeep, watering for three months regularly - — 30.0 
Further occasional attendance for six months - 20.0 


Carried forward — - - : 


* Hevea brasiliensis, &c., Wright. 
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srought forward - : : - Rs. 510 

Roads and drains, at Rs. 6 per acre - - - - 600 
Lining, say 15 by 15 feet, about 200 trees per acre, including 

cost of pegs, at 75 cents per acre - . - 75 


Holing—holes 18 by 12 inches, task 40 per man, say R. 1.80 
per acre f - : - - : 180 


Planting — 20,000 basket plants, including transport from 
nurseries, dipping in liquid manure, Xc., 80 cents per 
acre - - - : : - - 80 


Supplying—Putting out 6,000 basket plants at 50 cents 


per 100 - : : - : : 30 
Shading— 
30,000 cadjans at Rs. 10 per 1,000 - Rs. 300 
Making up, fixing, and general attendance, say 
R. 1.50 per acre - - - : 150 
ah 


Lines—One set of temporary lines, twenty rooms, jungle post 
thatched roof, mud and wattle walls, at Rs. 20 per 
room - - . - - - 400 


Weeding— 
Forest land—first three months say ten months weeding 
Ate, 25 - - » of first year at R. 
Thereafter at 80 cents — - 1.50 per acre - 1,500 


Chena land—First three months at Rs. 2.50; second three 
months at R. 1.75; thereafter at R. 1.0 - - eee 


Fencing —Cost of wire and staples, | 
about Rs. 150 per mile, | 
three wires at 1 foot apart; | Rs. 187 per mile allowed 
posts—cutting holes, &c., per 3 miles - ; 561 
and fixing, Rs. 30 per mile ; 
carpenters at Rs. 7 per mile , 


Tools, say Rs. 100 : - : ; cas 
Contingencies, Rs. 100 - : 

Superintendence at Rs. 100 per month - - - 1,200 
Coast advances—eighty coolies, say Rs. 30 - - . 2,400 
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Brought forward, first year’s expenditure : Rs. 14,936 
Add interest at 7 per cent., say : : 1,045 
Rs. 15,981 
Second Year— 
Superintendence, say - - : Rs. 1,000 
Weeding roo acres at R. 1 - - - 1,200 
Nurseries, supplying, cadjans, &c. - - IO 
Roads and drains upkeep - - - 50 
Thatching lines, R. 1.50 foe room - : 30 
Upkeep of fence - - - - 50 
Contingencies — - . : - - 10o 
2,535 
Add interest on Rs. 18,511 at 7 per cent. - : 1,290 
Rs. 19,806 
Third Year— 
Superintendence - : : Rs. goo 
Weeding at 80 cents — - : - - 800 
Supplying and nurseries - - : : 100 
Roads and drains : - - - 50 
Lanes eure - - - - : 30 
Fencing - - - - - - 30 
Contingencies — - - - - : 100 
2,010 
Add interest on Rs. 21,816 at 7 per cent. - - ey, 
Rs. 23,343 
Fourth Year— 
Superintendence - - - Rs 720 
Weeding at 75 cents - - - : 750 
Supplying, &c. - - - - . 1 ofe) 
Lines, twenty rooms—permanent stone pillars, 
mud and wattle walls, iron roof, Rs. 70 per 
room - - - - - 1,400 
Fencing - - - . : - 30 
Contingencies — - : ; : : 70 
ca aa 3,970 
Interest at 7 per cent. : - - - 1,848 


Carried forward - - : Rs. 28,261 


Ce eee Oe TS . - 


ee ee ae eS eee ee eee rrlmlme renee ee ee eee eer 
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Brought forward - : Rs, 28,261 
Fifth Year— 

Superintendence - - . - Ks. goo 
Weeding - - - : : : 750 
Fencing - - - : : - 50 
Contingencies — - - - - - 70 
Roads, &c., and general attention : - I0o 

1,870 

Interest at 7 per cent. - . : - 2,109 

Rs. 32,240 


Ks. 322.40 per acre at end of fifth year. 
1V.4£.—Rupee= ts. 4d. 


MEMOS. 


I close the estimate at termination of the fifth year as it is now 
generally admitted that tapping may commence according to growth 
between the end of fourth and sixth years. ‘The estimate is framed on 
the lines of rubber planting as ordinarily carried on in the district of 
Matale, and might serve as a guide to the planting of rubber in such 
districts as Badulla Valley, Kurunegala, Dumbara, &c., districts usually 
not heavily influenced by the rains of the south-west monsoon. 

Felling.—The cost of felling and clearing both of forest and chena 
land is so very variable that it is impossible to give an estimate which 
would apply to the rubber districts generally. 

Clearing.—In some districts I have had chena lands cleared for 
Rs. 9 per acre ; and, again, the felling of forest will not be taken up 
by contractors in some localities for less than Rs. 25 per acre. 

Roads and Drains.—The cost would be from Rs. 5 to Rs. 8 per 
acre according to lay of land, soil, &c. 

Fencing.—¥encing can only be estimated for by the mile. Many 
estates or clearings, covering perhaps only too to 150 acres, would 
require 3 to 4 miles of fencing owing to established rights of way. My 
estimate is for a treble wire fence. It is not at all certain that it would 
not pay in cases where clearings have a jungle frontage to put up two 
wires only, say at 1 foot 6 inches and 3 feet, backed by galvanised wire 
3 feet by 3 inches mesh. ‘The cost of the barbed-wire fence would be 
reduced to Rs. 50 per mile. The galvanised wire would cost about 
Rs. 285 per mile. The total cost of such fencing would therefore work 
out at about Rs. 422 per mile. It would effectually put a stop to the 
depredations of muntjak deer, mouse deer, porcupines, and hares, and 
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those who have clearings along a jungle edge know what damage such 
animals can do. 

Planting.—The use of basket plants and shading with cadjans adds 
about Rs. 5 to Rs. 6 per acre to the cost of planting ; ; but results prove 
that this extra expense is well repaid. 

Weeding.—This is an item which may very easily exceed the estimate 
I have given as regards chena lands. ‘The first year’s weeding should 
not, however, in any case cost over Rs. 3 per acre per month, say Rs. 36 
per acre for the year for the weediest chena lands. It may cost this 
unless labour is very plentiful. From fourth year the weeding should 
be reduced in either forest or chena land clearings to an average of 
75 cents per acre. 

Superintendence.—Has been estimated for on the supposition that 
the clearing is being looked after by the manager of an adjoining pro- 
perty. In the case of an estate of considerable acreage being con- 
cerned, this item would be chargeable at Rs. 10 per acre per annum 
all through. 

Buildings.—I make noestimate for factory, superintendent’s bungalow, 
&c., though both would be required. Superintendent’s bungalow could 
be built for about Rs. 2,000. It is useless at the present stage of the 
industry to make an estimate for a factory, as the invention of suitable 
machinery, which is sure to follow during the next year or two, will 
revolutionise the curing of rubber. It would probably be safe, however, 
to allow at the rate of Rs. 50 per acre as the cost of the building only. 

Coast advances 1 have charged as an ordinary item of expenditure. 
It is only fair to do so, as it is an item which, though slightly varying 
in amount, is never absent, and is just as really a charge on the estate 
as superintendence or any other item, and should be recognised as 
such. The amount, Rs. 2,400, would probably be exceeded from and 
after the sixth year on tapping operations commencing. 


E. GoRDON REEVES. 


WILTSHIRE, MATALE, 
10th October 1905. 


II. RUBBER IN MALAY PENINSULA. 


Subjoined is Mr Arden’s estimate applicable to a plantation 
in the Malay Peninsula :—* 


* Report on //evea brasiliensis in the Malay Peninsula, 
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Cost of Opening and Maintaining a Plantation until Productive. 


The following figures represent the cost of opening 500 acres 
of land, and planting with rubber 20 feet by 20 feet apart, being 
108 trees per acre. 


Premium on 500 acres at $1 per acre . - : $500 
Quit-rent, first year, 50 cents - : - - 250 
Survey fees, 25 cents per acre - - - - 125 
Felling jungle, $7.50 per acre : . : : 3,750 
Clearing up, after burning off, $3 per acre - . 1,500 
Draining, $10 per acre - - - - - 5,000 
Roads, $1 per acre - : : - - . 500 
Lining, $1.50 per acre - - . 750 

Holing (holes 13 by 1} i and filing with surface soil, $1 
per acre - . - : 500 
Planting with stumps from nurseries, 40 cents per acre : 200 
Weeding, $1 per acre per mensem (nine months) — - - 4,500 
Seeds, 100,000 at $5 per 1,000 = : - - 500 
Nurseries, sowing, weeding, and watering — - - - 150 
Tools and implements - ; - - - 500 
General transport - : - : - : 100 
Coolie lines, to house 200 coolies — - - . - 750 
Conductor’s bungalow - - - : : 250 
Manager’s 3 - - - : - : 750 
Conductor’s salary, first year, $50 per mensem - 2 goo 
Manager’s a - $300 - : - ; 3,600 
Contingencies - - - : - : 500 
‘Total cost, first year - - -§255275 


This represents an average of $50.55 per acre, although these 
figures are subject to a slight modification, varying with the 
nature of the jungle to be cleared and the land to be worked. 
The terms on which land may be acquired are dependent to a 
certain extent upon the situation and locality, and would not 
exceed the figures quoted above, but, subject to certain condi- 
tions, may be had on more reasonable terms. The proximity 
or otherwise to a town, and the facilities for transport would 
necessarily affect the estimate for transport charges. 

L 
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The upkeep for the second, third, fourth, and fifth years 
would be as follows :— 


Quit-rent, 500 acres at 50 cents per acre (four years) - - $1,000 
Weeding, second year, 500 acres at 75 cents Pas acre per 
mensem - - - . : 4,500 
Weeding, third year, 500 acres at 65 cents per acre per 
mensem - - - : - . 3,900 
Weeding, fourth year, 500 acres at 50 cents per acre per 
mensem - . - : . 3,000 - 
Upkeep of drains, 75 cents per acre per annum “(ete years) - 1,500 
” roads, 75 ” ” ” 4 7 1,500 
Supplying vacancies, second year, 50 cents per acre per annum 250 
" third year, 25 cents - * 125 
Insect pests, $2 per acre per annum (four years) - : 4,000 
Repairs to coolie lines, second, third, and fifth years, $25 
per annum - - - - - - 75 
Repairs to coolie lines, fourth year (re-ataping) - - 150 
Repairs. to bungalows (two), second, third, and fifth years, 
$25 per annum - - . . 150 
Repairs ,fo bungalows (two), fourth year (re- ortene ) - : 150 
Tools and implements, $25 per annum (four years) - : 100 
General transport, $100 5 " : - | ae 
Manager’s salary, $3,600 a " - - ja eo0 
Conductor’s salary, $600 - a ‘ a 2,400 
Contingencies, insecticides, stationery, &c., $500 per annum 2,000 
Upkeep until end of fifth year - - - - $39,600 
Add first year’s expenditure - - : - -'¢ ave 
Total expenditure : : - $64,875 


The total expenditure for five years is therefore $64,875, 
being an average of $50.55 per acre for clearing and planting, 
and $19.80 per acre per annum for upkeep, including the 
manager’s salary. Taking the rate of exchange at Is. 10d. 
—the average for the last two years—this is equivalent to 
£5,946. 17s. 6d. sterling, or an average of AII. 7s. 10$d. per 
acre; to which must be added the interest on all money 
expended. 

Nothing has been estimated for weeding during the fifth 
year, as it is anticipated that the trees will give sufficient shade 
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to prevent the growth of any rank growing grasses; the weeds 
which appear during the fifth and subsequent years will be of 
a harmless nature, and will die out naturally as the shade 
becomes more dense. If it is considered advisable to weed 
beyond the fourth year, an additional estimate of 35 cents per 
acre per mensem should suffice to keep the estate perfectly 
clean. 

The total expenditure necessary to bring rubber into bearing 
in Ceylon and Malay appears to vary from 420 to 430 per 
acre. . 

A perusal of a large number of rubber planting companies’ 
reports shows that during 1906 the cost of rubber production on 
different estates in Ceylon and Malaya varied from 1o0#d. to 
is. 7id. per lb. Rubber produced on one estate in Malaya cost, 
delivered in Ceylon, about 2s. per Ib. It is, however, considered 
that at present the cost of placing plantation rubber on the 
market varies between Is. and Is. 6d. per Ib. 


PARA RUBBER CULTIVATION, F.M.S. 


ESTIMATE FORs 1,000 ACRE ESTATE; 250 ACRES TO BE OPENED 


EACH YEAR. (By R. G. Watson.) 


Total : - 


First Year— 

Premium - : ‘ = 3 * $3,000 
Survey fees - - 2 2 3 1,000 
Rent - - - - : - 1,000 
Clearing, felling, and burning 250 acres ($15 per 

acre) : ; ; : : =| 535750 
Lining, holing, and planting 250 acres ($6 per acre) T,500 
Plants’ - 2 : : - - 800 
Roads and pend ($6 per CO - - 1,500 
Bungalow - - ; - - 2,000 
Lines - - - : - 1,500 
Medical—Hospital, medicines, &c. - - 2,000 
Labour—Advances, immigration fees, &c. - T,500 
Superintendence - - : : - : 3,600 
Tools and sundries - - - - 1,000 


$24,150 
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Second Year— 


Rent - ; - . a : . 
Clearing, felling, and burning 250 acres - : ; 
Lining, holing, and planting 250 acres. - ; ; 
Plants” - . : : : . 2 
Roads and drains : : : , : 
Medical - : : : : : 2 
Labour - - 4 : : 5 
Superintendence - : a . 2 : 
Tools and sundries : : : e 
Weeding 250 acres a . é ; 
Supplying ‘ é 2 “ 


Total ~ = : ¥ 


Third Year— 


Rent - : - . : : 
Clearing, felling, and burning 250 acres - ; 
Lining, holing, and planting 250 acres. - : ~ 
Plants - . ~ - % - = 
Lines - : - : . : : 
Roads and drains - : . ‘ ‘ 
Medical - - = . = : = 
Labour - ~ : ~ : . 2 
Superintendence - - . - : ‘ g 
Tools and sundries : ~ - ‘ : 
Weeding 500 acres - : . a" z 
Supplying - : : < J ; 


Total : . é 4 


Fourth Year— 
Rent - - - - - - 
Clearing, felling, and burning 250 acres - : : 
Lining, holing, and planting 250 acres. - : : 


Plants” - . ‘ : c p- : 
Roads and drains ~ - - : . 
Medical - - = . a A : 
Labour - - : ‘ : 7 
Superintendence - : = : : : 


Carry forward —- - : 
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Oe ii 


Brought forward - . . - $14,550 
Tools and sundries . , . 1,000 
Weeding 75° BCTCS ” - : . : 12,000 
Supplying : : 100 
Total : . : - $27,650 
Vifth Year— 
Rent - . : : : : - $1,000 
Roads and drains : . , : ; B00 
Medical - - - - : - - 1,000 
Labour - - - - - : - 1,000 
Superintendence - . - : . - 4,000 
Tools and sundries : : : : : 1,000 
Weeding 1,000 acres” - : : : - 15,000 
Total - - . : - $23,800 
Sixth Year— 
Rent - - - - . . - $1,000 
Roads and drains - : : , - 800 
Labour - - . . * : , 1,000 
Medical - : : : : : : 1,000 
Superintendence - : : : 4,000 
Tools and sundries : . : : , 1,000 
Weeding 1,000 acres” - : - 17,000 
Total - : : : - $25,800 
Seventh Year— 
Rent - : : : : - $4,000 
Roads and drains . - - - 800 
Medical - Pon - . . . 1,000 
Labour - - : : . - . 1,000 
Superintendence - : : . . . 4,000 
Tools and’ sundries - : : ; 1,000 
Weeding 1,000 acres - : . . - 17,000 
Total - - . - - $28,800 
Fighth and following years as seventh year - - - $28,800 


With the exception that the cost of weeding gradually decreases till 
in the deventh or twelfth year it is practically #7. 
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Seventh Year— 
250 acres, planted 150 trees per acre, at 1 lb. rubber 
per tree, sold at 3s. per lb. : - 
250 acres, planted 150 trees per acre, at 14 Ibs. rubber 
per tree - - - - - - 


Total - - - - 


Less cost of production, shipping, &c., of 93,750 lbs. at 
is..00, per lb) | Gener ye : : J 


Net profit - - - - . 


Eighth Year— 
250 acres at I per tree and 3s, per lb. - 
250 acres at 14 lbs. per tree and 3s. per lb. 
250 acres at 2 ane per tree and 3s. per lb. : 


Total - 7 : E - 


Less*cost of production, &c., 253:125 Ibs. at 1s. 6d. 
per lb. 


Net profit - : 


Ninth Year— 


250 acres at 1 lb. per tree and 3s. per lb. - - 
250 acres at 14 lbs. per tree and 3s. per lb. - - 
500 acres at 2 lbs. per tree and 3s. per lb. - - 


Total . . : : 


Cost of production, &c., 243,750 Ibs. at 1s. 6d. per Ib. - 


Net profit - - : - 


Tenth Year 


250 acres at 14 lbs. per tree and 3s. per lb. - 
750° acres at 2 lbs. per tree and 3s. per lb. : - 


Total 


Carry forward - . 


$48,214 


72,321 


$120,535 


60,268 


$60,267 


$48,214 
72,321 
96,428 


$216,963 


108,482 


- $108,481 


$48,214 
72,321 
192,856 


- $313,391 


156,696 


- $156,695 


$72,321 
289,280 


- $361,601 


- $361,601 
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Brought forward - : . - $361,601 


Eess "cost of production, &c., 262,500 lbs. at 1s. 6d. 
per lb. - : : - - - 180,800 


Net profit - - : . - $180,801 


Eleventh Year— 


1,000 acres at 2 lbs. per tree and 3s. per Ib. - - $385,710 
Cost of production, &c., of 300,000 lbs. at 1s. 6d. 

per Ib. - : : - - = ATO2)587 

Net profit - : - - - $192,853 


And so on each year, annual profit $192,853, with a probability of 
still increased yield. 


ABSTRACT OF PROFIT AND Loss. 


(Ate a ae 
$ $ $ 
First Wear. we : 24,150 
Second __,, : - 17,900 
Third a : - 2aERO 
Bourn,  *,, - - 27,650 
Fifth + - - 23,800 
_ Sixth - : 25,800 ee a 
meventhi *,, - - 28,800 60,267 31,467 
Bighth.» .,, - - 28,800 108,481 79,681 
Ninth 3 - : 28,800 156,695 127,895 
Tenth = - 28,800 180,801 152,000 
Eleventh ,, : - 28,800 192,853 164,053 
Twelfth _,, - - 28,800 192,853 164,053 


Expenditure with interest at 5 per cent. up to 
end of sixth year - - - - $168,670 (£20,000) 
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Net Prorit ON ESTATE AFTER DEDUCTING 5 PER CENT. INTEREST 
ON CAPITAL. 


Expended— 
Seventh year - - - - $22,967 or 13 per cent. 
Eighth - - - - ; “SIs SS DOr 42 i 
Ninth 3 - : : =. 10,205 OF ye ee 
Tenth + - - - - 143,500 or 84 Bs 
Eleventh ,, - - - - - 156,553 or 92 os 


And so in future years with a probability of increased yields. 


Capital expended . . $168,670 (£19,678 3 4) 
Profit— 
Seventh year - -— : $22,967 (£2,679 9 8) 
Eighth + : : 71,181 (8,304> 9. m9 
NU eee 119,395 (13,929 8 4) 
Tenth ” - : - 143,500 (16,741 13 4). 
Eleventh _,, - . - 156,355 (18,241 8 4) 


bol 


ChE LHR. XV, 


COMMERCIAL VALUE OF THE OIL IN HEVEA 
SHEDS. 


IN addition to supplying the market with the finest quality of 
rubber, cultivators of Hevea brasilienszs will be in a position to 
compete in that enormous market which provides the world 
with vegetable oils. 

The oleaginous nature of the seeds of this tree is well known, 
but an experiment has quite recently been made at the Imperial 
Institute to ascertain their commercial value as oil producers. 

The difficulties of collecting these seeds in the Amazonian 
forest, together with the expenses of transporting them to the 
sea coast, would no doubt prevent the collection of the seeds 
from the wild trees being made a remunerative undertaking. 
But on a plantation these obstacles could be much more easily 
overcome. 

About 150 decorticated fresh seeds weigh a pound, which is 
about 340,000 to the ton. It is estimated that a Para tree 
produces on an average 400 seeds per year, so that about a 
quarter of a ton would be produced per acre. The seed kernels 
contain 50 per cent. of oil. 

For the following paragraphs I am indebted to the /mpertal 
Institute Bulletin :-— 

A considerable amount of activity has been displayed within 
the last few years in tropical countries in the cultivation of 
various kinds of rubber trees, in order to meet the growing 
demand for rubber in the arts. In the Federated Malay States 
large areas have thus been planted with the Para rubber tree 
(Hevea brasiliensis), and it has become necessary to find a 
method of utilising the large quantities of seeds now produced 
in these plantations. Several consignments of these seeds and 
of meal prepared from them have been received recently at the 
Imperial Institute from the Assistant Superintendent of Forests 
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and Gardens, Penang, and from the Curator of the Perak 
Museum, with the request that they should be examined and 
their commercial values ascertained. These samples have been 
submitted to chemical examination in the Scientific and Tech- 
nical Department of the Imperial Institute, with the following 
results :-— . 

The kernels constitute about 50 per cent. by weight of the 
whole seeds. On extraction with light petroleum they yielded 
42.3 per cent. of oil (specimen A), whilst the whole seed (husk 
and kernel ground together) furnished 20 per cent. of oil 
(specimen B). 

The oil obtained from the kernels alone is clear, of a light 
yellow colour, and has an odour somewhat resembling that of 
linseed oil. It belongs to the class of drying oils, and yields a 
clear, transparent film when allowed to dry by exposure to air. 
The husks contain a solid fat, which has a high saponification 
number and a low iodine value, but since the amount of this 
solid fat.in the husks is very small, it makes but little difference 
to the properties of the oil obtained from kernel and husks 
sround together. The following table gives the constants found 
for both specimens of the oil, those of linseed oil being added 
for comparison :— 


Para Rubber Seed Oil. / 


Linseed Oil. 


A (from | B (from 
kernels only)., whole seed). 

Specific gravity at 15° Cent.- 0.9302 0.9316 | 0.931—0.937 | 
Free fatty acids— | | 

Acid value . - - 10.7 19.0 | 0.8—8.9 

Calculated as oleic acid -| 5.4 °/, | ~9.6°/, | o.4—5.7 J, 
Ester-value= +7. Sato | 190.3. * ae 
Neutral oil - - - - | 94.6 °/, | 90.4 °/, |'95.5—99.6 °/, 
Saponification value - - | 206.1 | 209.3 187—I95 4 
Iodine value - - - | T2383 12r22 | 160—181 


On saponification with caustic soda, Para rubber seed oil 
yields a rather soft soap of yellowish colour. It was found that 
the time required for the complete saponification of this oil is 
about half as much again as that required in the case of olive oil. 


COMMERCIAL VALUE OF THE OIL IN HEVEA SEEDS. 171 


The sample consisted of about 7 Ibs. of finely ground meal 
of a pale buff colour; it was free from husk, and possessed the 
pleasant odour characteristic of oil meals. 

On extraction with light petroleum, the meal yielded 36.1 
per cent. of an oil which had a slightly acid odour, and, on 
standing, solidified as a soft, crystalline, yellow mass. It furnished 
the following constants :— 


Specific gravity at 15° Cent. - - O.QII 
Free fatty Acid value : - =AGs3075 
acids ) Tree acids (calculated as 
oleic acid) : - 65.6 per cent. 

Neutral oil - - : WG ACAy 4) 
Ester value - - - ec Geze Me. 
Saponification value — - : apes 48 Caw AG eee 
Iodine value” - - - = eR GURCHas, 


When heated, the oil began to melt at 19° Cent., and was a clear 
liquid at 28° Cent. It had very marked drying properties, and 
yielded a solid, transparent film. On saponification with caustic 
soda, the oil furnished a rather soft soap of a yellowish colour. 

In the following table the constants and properties of the 
oil extracted from this sample of meal are contrasted with those 
of the oil obtained from the freshly crushed decorticated seeds ; 
the constants of linseed oil are again added for comparison :— 


Oil extracted | Oil ees Has 
from Parz Decorticated Par ney : 
Rabber- ‘abo Seana: Linseed: Oil. 
Seed Meal. (freshly crushed). 

Yield of oil, per cent. - 36.1 Age Mek raas | 
Physical state - - - | Solid below | Liquid at 15° | Liquid at 15 | 
re aa Op 
Specific gravity 15°/15°  - 0.9L 0.9302 |0.931—0.937 | 

Free fatty acids per cent. 
(calculated as oleic acid) 65.6 | 5.4 OA 5.7 
Iodine value - - - 12462 128.3 160—181 


It will be observed that the oil extracted from the meal was 
solid, whereas that obtained from the freshly ground seed was a 
liquid. This difference is due to the large proportion (65.6 per 
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cent.) of free fatty acids present in the former, whilst the latter 
contained only 5.4 per cent. of free acids. The cause of this 
difference in the two oils has been investigated, and it has been 
found that after the seed has been crushed the oil gradually 
undergoes decomposition, owing to the action of a hydrolytic 
enzyme contained in the seed, which will be made the subject of 
special study. 
The meal furnished the following results on analysis :— 


Per cent. 
Moisture - a : I - 9.1 
Ash - ; - - - - cep 
Fibre - - : - - . <a 
Oil - - - - - «air 
Proteids - - an ora ce - a 75.2 
Carbohydrates - : - - 29.67 


The ash was found to contain 30.3 per cent. of phosphoric 
acid (calculated as P,O;) present in the form of phosphates, 
which is equivalent to 1.07 per cent. of phosphoric acid in the 
meals 

The results of this examination of the Para rubber seed meal 
indicate that the material thus prepared could neither be used 
as a fodder, owing to the presence in it of large quantities of 
free fatty acids, nor for the expression of Para rubber seed oil 
since the latter has been largely decomposed. 


Moisture,| Ash, || Proteids,| Fibre, | Fat, homies Nutrient 
per cent. | per cent. per cent.| per cent. | per cent. se prea, Value. 
ea Bre 
Calculated compo- 
sition of— 
Para rubber (seed | | 
Cakeys 3 - | 13.36] 5.19 | 26.81] 5.00 | 6.00 | 43. 64 | ‘84. 25 | 
Linseed cake | 
(new process)- | 9.4 | 5.4 |35.6 | 7.1 Ps 35.0 87 85 | | 
Linseed cake (old | ) 


process) - -| 108 | 5.0 |28.6 | 6.7 | 10.6 | 38.3 | 91.28] 
Cotton-seed cake | | 
(new process)- | 11.12] 6.10 | 38.47] 9.78 | 8.78} 25.75 | 84.4 | 


It is probable, however, that if the oil were expressed from 
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the decorticated seeds, the residual cake could be utilised as a 
feeding material, as is shown by the above comparison between 
the calculated composition of such a cake and the compositions 
of such commercial feeding cakes. 

} These figures show that a cake prepared from Para rubber 
seed meal would compare favourably with other cakes as a 
cattle food, and that it contains a particularly low proportion of 
indigestible matter (fibre). 

Specimens of both the seeds and oil have been submitted to 
leading brokers. They report that the oil could probably be 
used as a substitute for linseed oil, and would be worth at 
present about 420 per ton, but that oil merchants would not 
take it up unless they first had an opportunity of testing it in 
bulk. The brokers consider that it would be more profitable to 
ship the seeds themselves to this country, as is done in the case 
of most other oil seeds. They value the decorticated seeds at £10 
to 412 per ton, and add that they would be prepared to take 
two or three tons at the lower price in order to introduce them 
into the market. 

The Para rubber seed meal was not commercially valued, 
since in its present condition it could not be utilised in any way. 
Para rubber seed “ cake” of the composition already given should 
be almost as valuable as linseed cake, which at present sells at 
from 45. 15s. to 46. 15s. per ton. 

As a final result, this investigation leads to the conclusion 
that the seed of the Para rubber tree is a valuable economic 
product, and likely to become one of considerable commercial 
importance. The oil could probably be employed for the 
purposes to which linseed oil is applied, whilst the residual cake 
would be of value as a cattle food. The oil should be expressed 
from the kernels before these have been ground, and for this 
reason the seeds should, if possible, be decorticated and the 
kernels exported unground. 

Para rubber seed oil possesses properties very similar to those 
of linseed oil, and should therefore be suitable for the preparation 
of paints and oil varnishes, and for the manufacture of rubber 
substitutes, linoleum, and water-proofing materials. 

It could probably also be used like linseed oil for the manu- 
facture of soft soap, but its colour would preclude its employment 
for the preparation of hard soaps except in cases where there is 
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a scarcity of cotton-seed and similar light-coloured non-drying 
oils. It is intended to make further experiments regarding its 
applicability for manufacturing purposes. 

“As stated in the previous report, the cake left after expressing 
the oil from the decorticated seeds would probably be of value 
as a cattle food, since its calculated composition compares very 
favourably with the various cakes at present in use, and it is 
stated that animals in the Straits Settlements readily eat the 
kernels. | 


—— ——————— 
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Acid, Acetic, 101, 114, 129 
— action on latex, 129, 130 
— Citric, 46, 1o1 

— Coagulating effect of, 129 
— Formic, 133, 134 

— Hydrochloric, tot 

— Oxalic, IoI 
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— Tartaric, 101 
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Analyses, 45, 64, 108, 120, 170, 171, 17 
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Ants, white, Destruction of, 60 
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Bamboo pots for seedlings, 29 
Bark shavings, 72, 83 

— Tapping of renewed, 89, 128 
— Thickness of, 74 

Baskets for seedlings, 30 
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Biscuits, Rubber, 3, 102, 107 
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Calcium chloride, 137 
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Climatic conditions in Africa, 22 
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Coagulants, 101, 106 

Coagulating machine, 109 
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Cortex, 56, 89 
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D 


Disbudding, 43 
Disease-checking belts, 51 
— Fungus, 52 

— Insect, 59 

— Leaf, 58 

— Root, 57 

— Stem, 56 

— Treatment of, 54, 61 
Drainage, 43 

Drying rubber, 108, 112, 136 
-—— rubber, Artificial heat for, 102, 108 
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— rubber in stoves, 142 
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— Mechanical, 97 
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for, 137 132 
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RUBBER MACHINERY AND ACCESSORIES 
Meal eCliALlirly.: 


Sole Manufacturers of the Michie-Golledge Coagulating 
Machine which was awarded the Gold Medal .at the Ceylon 
Rubber Exhibition in 1906 for “The best method of coagulating 
latex to marketable rubber whether by acid, by decay, by 
smoking or otherwise.” 

The attention of Rubber Planters is specially requested to 
the Michie-Golledge Process for preparing Rubber in_ best 
Peer. “Crepe, “sheet,” ‘or other-form. By this process 
Rubber from latex taken from the tree one day is cured in 
“Worm,” “ Crepe,” “Sheet,” or other form as may be required, 
and ready for shipment the following day; the quality being the 
best that can be produced. This simple process requires no 
expensive buildings nor heavy and expensive plant. It is much 
more economical than any other, and rubber prepared by it is 
thoroughly cured and possesses unequalled keeping qualities. 
Plans and Specifications for this process furnished on application. 


BARK GAUGING TOOL. 


This is a new and very ingenious instrument, designed by 
Dr W. R. Tromp de Haas. It enables the Estate Manager 
accurately, quickly, and without damage to the cambium, to 
gauge the thickness of the bark. Prices on application. 


TEA, COFFEE, RUBBER, AND OTHER 
MACHINERY 


supplied from Colombo and London to all parts of the World. 
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Wireless Telegraphy: Its Theory and Practice. A Handbook for the use of 
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Demy 8vo. Cloth. Ios. 6d. net. 


London; Crosby Lockwood & Son, 7 Stationers’ Hall Court. 


“* 
a 

wid « 

pa 

‘ FY 


nie ' 


~ Crossy Lockwoop & Son's 


v 
’ 
> 


LIST OF WORKS 


7 ON 


TRADES AND MANUFAC- 
TURES, THE INDUSTRIAL 
ARTS, CHEMICAL MANU- 
Pec TURES, “COUNTING 
HOUSE WORK, Erc. . 


A Complete Catalogue of NEW and STANDARD 
BOOKS relating to CIVIL, MECHANICAL, 
MARINE and ELECTRICAL ENGINEER- 
ING; MINING, METALLURGY, and COL- 
LIERY WORKING; ARCHITECTURE and 
BUILDING ; AGRICULTURE and ESTATE 
5 MANAGEMENT, &c. Post Free on Application. 


7 STATIONERS’ HALL COURT, LONDON, E.C. 
1907 


LIST OF WORKS 


ON 


TRADES anp MANUFACTURES, THE 
PN OOo nib, RTS Etc, 


ACETYLENE, LIGHTING BY. Generators, Burners, and Electric 
Furnaces. By WILLIAM E. GIBBS, M.E. With 66 _ Illustrations. 
Crown 8vo, cloth ad ee Baie Ee “e 7s. 6d. 


ALCOHOL (INDUSTRIAL): Its Manufacture and Uses, <A 
Practical Treatise based on Dr. Max Maercker’s “Introduction to 
Distillation” as revised by Drs. DELBRUCK and LANGE. By J. K. 
BRACHVOGEL. 500 pages, 105 engravings. [ /ust published. Net 16s. 6d. 


THe INDUSTRIAL VALUE OF TAX-FREE ALCOHOL AND WHAT IT MEANS TO AGRICULTURAL 
INTERESTS—SUMMARY OF THE PROCESSES IN SPIRIT MANUFACTURE—STarCH, How Formen, 
ITs CHARACTERISTICS, AND THE CHANGES IT UNDERGOES—ENZYMES OR FERMENTS—PRODUCTS 
OF FERMENTATION—STARCHY AND SACCHARIFEROUS Raw MATERIALS—PREPARATION OF THE 
MaLt—STEAMING THE Raw MATERIAL—THE MasHING PROCESS—FERMENTING THE MasH— 
PREPARATION OF ARTIFICIAL YEAST IN THE DISTILLERY—FERMENTATION IN PRACTICE— 
DISTILLATION AND RECTIFICATION—ARRANGEMENT OF THE DISTILLERY—THE SpentT WasH— 
DENATURING OF ALCOHOL—ALCOHOL FOR THE PRODUCTION OF PoWER, HEATING AND ILLUMI- 
NATION—STATISTICS. 


ALKALI TRADE MANUAL. Including the Manufacture of 
Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. By JOHN 
Lomas, Alkali Manufacturer. With 232 Illustrations. Super royal 8vo, 


cloth tas Fig Mead a hy he oe oe £1 10S. 


BLOWPIPE IN CHEMISTRY, MINERALOGY, &c. 
Containing all known methods of Anhydrous Analysis, many working 
examples and instructions for Making Apparatus. By LIEUT.-COLONEL 
W. A. Ross, R.A., F.G.S. Second Edition. Crown 8vo, cloth ... 5s. 


BOOT AND SHOE MAKING, including Measurement, Last- 


fitting, Cutting-out, Closing and Making, with a Description of the most 
Approved Machinery employed. By J. B. LENo. Crown 8vo, cloth as. 


4 CROSBY LOCKWOOD & SON’S CATALOGUE. 


BRASS FOUNDER’S MANUAL. Modelling, Pattern Making, 


Moulding, Turning, etc. By W. GRAHAM. Crown 8vo, cloth ... 25. 


BREAD AND BISCUIT BAKER’S AND SUGAR 
BOILER’S ASSISTANT. Including a large variety of modern recipes. 
By ROBERT WELLS. Fifth Edition. Crown $vo, cloth...’ ae Is. 


‘* A large number of wrinkles for the ordinary cook, as well as the baker.” —Saturday Review. 


BREAKFAST DISHES. For every Morning of Three Months. By 


Miss ALLEN (Mrs. A. MACAIRE), Author of “ Savouries and Sweets,” etc. 
Twenty-second Edition. F’cap. he ae bas ie a Is, 


BREWERS, HANDY BOOK FOR. Being a Practical Guide 
to the Art of Brewing and Malting. Embracing the Conclusions of 
Modern Research which bear upon the Practice of Brewing. By 
H., E. WRIGHT, M.A. Third Edition. Thoroughly Revised and En- 
larged. Large crown 8vo, 578 pp., cloth. [ /wst published. Net 12s. 6d. 


Barvey, MatTiInc AND MaLtT—WATER FOR BREwING—Hops anD SUGARS—THE BREWING 
RoomM—CuHEmIsTrRY AS APPLIED TO BREWING—THE LABORATORY—MASHING, SPARGING, AND 
BoliLiNG—FERMENTS IN GENERAL—FEKMENTATION WITH COMMERCIAL YEAST—CULTURE FROM 
A SINGLE CELL WITH YEASTS—TREATMENT OF BEER—THE BREWERY AND PLANTS. 


‘We have great pleasure in recommending this handy book.”—The Brewers’ Guardian. 


CALCULATOR, NUMBER, WEIGHT, AND FRAC- 
TIONAL. Containing upwards of 250,000 Separate Calculations, showing 
at a Glance the Value at 422 Different Rates, ranging from ;3:th of a 
Penny to 2os. each, or per cwt., and £20 per ton, of any number of articles 
consecutively, from 1 to 470. Any number of cwts., qrs., and lbs., from 
I cwt. to 470 cwts. Any number of tons, cwts.. qrs., and lbs., from I to 
I,ooo tons. By WILLIAM CHADWICK, Public Accountant. Fourth 
Edition, Revised and Improved. 8vo, strongly bound ... ake 18s. 


‘*Ttis as easy of reference for any answer or any number of answers as a dictionary. For making 
up accounts or estimates the book must prove invaluable to all who have any considerable quantity of 
calculations involving price and measure in any combination to do.’’—Eugineer. 


“The most perfect work of the kind yet prepared.’”’—Glasgow Herald. 


CEMENTS, PASTES, GLUES AND GUMS. A Guide to 
the Manufacture and Application of Agglutinants for. Workshop, 
Laboratory or Office Use. With 900 Recipes and Formule. By H. C. 
STANDAGE. Crown 8vo, cloth = van sie ons “ 2s. 


“* As a revelation of what are considered trade secrets, this book will arouse an amount of curiosity 
among the large number of industries it touches.” —Dazly Chronicle. 


CHEMISTRY FOR ARMY AND MATRICULATION 
CANDIDATES, AND FOR USE IN SCHOOLS. By GEOFFREY 
MARTIN, B.Sc., Ph.D., Lecturer and Demonstrator in Chemistry at 
University College, Nottingham. Crown 8vo, cloth. With numerous 
Illustrations men <s “4 ni ... [Just published. Net 2s. 


PREPARATION AND USE OF APPARATUS—PREPARATION AND PROPERTIES OF CERTAIN GASES 
AND Liguips—SIMPLE QUANTITATIVE EXPERIMENTS—ANALYTICAL OPERATIONS—SOLUBILITY— 
WATER CRYSTALLISATION—NEUTRALISATION OF AciIpS BY BASES, AND PREPARATION OF SIMPLE 
SALTS—VOLUMETRIC ANALYSIS—CHEMICAL EQUIVALENTS—OBSERVATION OF REACTION—MELTING 
AND BoILtinc Poinrs—SyYMBOLS aND ATOMIC WEIGHTS OF THE ELEMENTS—WEIGHTS AND 
MEASURES—HINTS ON REGULATING WorRK IN PRaAcTICAL CHEMISTRY CLASSES. 


TRADES & MANUFACTURES, THE INDUSTRIAL ARTS, ETC. 5 


CLOCKS, WATCHES, AND BELLS FOR PUBLIC PUR- 
POSES. By EDMUND BECKETT, LORD GRIMTHORPE, LL.D., K.C., 
F.R.A.S. Eighth Edition, with New List of Great Bells and an Appendix 
on Weathercocks. Crown 8vo, cloth. 4s. 6d. ; cloth boards, 5s. 6d. 


““The only modern treatise on clock-making.”—Horological Yournal, 


COACH-BUILDING. A Practical Treatise, Historical and 


Descriptive. By J. W. BURGESS. Crown 8vo cloth a 2s. 6d. 


COLOURS AND DYE-WARES., Their Properties, Applica- 
tions, Valuations, Impurities, and Sophistications. For the Use of 
Dyers, Printers, Drysalters, Brokers, etc. By J. W. SLATER. Second 
Edition, Revised and Greatly Enlarged. Crown 8vo, cloth 7s. Od. 


COMMERCIAL CORRESPONDENT, FOREIGN. _ Being 
Aids to Commercial Correspondence English, 
French, German, Italian,and Spanish. By CONRAD E. BAKER. Third 
Edition, Carefully Revised throughout. Crown 8vo, cloth . 4S. 6d. 
‘*Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better 

than study this work, the materials of which are excellent and conveniently arranged. They consist 


not of entire specimen letters, but—what are far more useful—short passages, sentences, or phrases 
expressing the same general idea in various forms.” —A theneum. 


CONFECTIONER, MODERN FLOUR. Containing a large 
Collection of Recipes for Cheap Cakes, Biscuits, etc., with remarks on 
the Ingredients used in their Manufacture. By R. WELLS rp 1s. 


CONFECTIONERY, ORNAMENTAL. A Guide for Bakers, 
Confectioners and Pastrycooks ; including a variety of Modern Recipes, 
and Remarks on Decorative and Coloured Work. With 129 Original 
Designs. By ROBERT WELLS. Crown 8vo, cloth fs is 5s. 


** 4 valuable work, practical, and should be in the hands of every baker and confectioner. The 
illustrative designs are worth treble the amount charged for the work.” —Bakers’ Times. 


COTTON MANUFACTURE. A Manual of Practical Instruc- 
tion of the Processes of Opening, Carding, Combing, Drawing, Doubling 
and Spinning, Methods of Dyeing, etc. For the Use of Operatives, 
Overlookers and Manufacturers. By J. LISTER. 8vo, cloth 7s. 6d. 


DANGEROUS GOODS. Their Sources and Properties, Modes 
of Storage and Transport. With Notes and Comments on Accidents 
arising therefrom. For the Use of Government and Railway Officials, 
Steamship Owners, etc. By H. J. PHILLIPS. Crown 8vo, cloth Os. 


DENTISTRY (MECHANICAL), A Practical Treatise on the 


Construction of the Various Kinds of Artificial Dentures, bs C. HUNTER. 
Crown 8vo, cloth vad Ne dae ene i i bet 38. 


6 CROSBY LOCKWOOD & SON’S CATALOGUE. 


DISCOUNT GUIDE. Comprising several Series of Tables for 
the Use of Merchants, Manufacturers, Ironmongers, and Others, by 
which may be ascertained the Exact Profit arising from any mode of 
using Discounts, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Discount, or Advancing a Price, so as to 
produce, by one operation, a sum that will realise any required Profit 
after allowing one or more Discounts: to which are added Tables of 
Profit or Advance from 1} to go per cent., Tables of Discount from 14 to 
983 per cent., and Tables of Commission, etc., from } to 10 percent. By 
HENRY HARBEN, Accountant. New Edition, Corrected. Demy 8vo, 
half-bound ... ee wat a: 5, ids BE in £1 5S. 


‘A book such as this can only be appreciated by business men, to whom the saving of time 
means saving of money. The work must prove of great value to merchants, manufacturers, and 
general traders.”’—British Trade Journal. 


ELECTRO-METALLURGY. A Practical Treatise. By ALEx- 
ANDER WatTT. Tenth Edition, enlarged and revised. Including the most 
Recent Processes. Crown 8vo, cloth ... He we ies 3s. 6d. 


ELECTRO-PLATING. A Practical Handbook on the Deposition 


of Copper, Silver, Nickel, Gold, Aluminium,. Brass, Platinum, etc., etc. 
By J. W. URQUHART, C.E. Fifth Edition, Revised. Crown 8vo, cloth. 5s. 


ELECTRO-PLATING AND ELECTRO-REFINING OF 
METALS. Being a new edition of ALEXANDER WATT’S “ Electro- 
Deposition.” Revised and Re-written by A. PHILIP, B.Sc., Principal 
Assistant to the Admiralty Chemist. Crown 8vo, cloth Net 12s. 6d. 


PART I. ELECTRO-PLATING—PrE.LIMINARY CONSIDERATIONS—PRIMARY AND SECON= 
DARY BATTERIES—THERMOPILES—DyYNAMoS—CosT OF ELECTRICAL INSTALLATIONS OF SMALL 
OurputT FOR ELeEcTRO-PLATING—HIsToricaL REviEW oF ELEcTRO DeEposiIrTion—ELEecrRo 
DEPOSITION OF CoppeR—DEPOSITION OF GOLD BY SIMPLE IMMERSION—ELECTRO DEPOSITION OF 
GoL_p—Various GILDING OPERATIONS—MERCURY GILDING—ELECTRO DEPOSITION OF SILVER— 
IMITATION ANTIQUE SILVER—ELECTRO DEposITION OF NICKEL, Tin, IRON AND ZINC, VARIOUS 
METALS AND ALLOYS—KECOVERY OF GOLD AND SILVER FROM WasH SoOLUTIONS—MECHANICAL 
OPERATIONS CONNECTED WITH ELECTRO DEpOsITION—MaTERIALS USED IN ELECTRO DEposi- 
Tion. PART II. ELECTRO METALLURGY—ELEcTRO METALLURGY oF CoprpER—CosT OF 
ELECTROLYTIC COPPER REFINING— CURRENT Density aS A Factor IN ProrFits— SomE 
ImporRTANT DETAILS IN ELECTROLYTIC CopPpER REFINERIES—ELECTROLYTIC GOLD AND SILVER 
BuLLION REFINING—ELECTROLYTIC TREATMENT OF TIN—ELECTROLYTIC REFINING OF LEAD— 
ELECTROLYTIC PRODUCTION OF ALUMINIUM AND ELECTROLYTIC REFINING oF NICKEL— 
ELEeEcTrRO GALVANISING. 


‘‘ Eminently a book for the practical worker in electro deposition.” —Ezgineer. 


ELECTRO-TYPING. The Reproduction and Multiplication of 


Printing Surfaces and Works of Art by the Electro-Deposition of Metals. 
By J. W. URQUHART, C.E. Crown 8vo, cloth  ... ve fae 5s. 


ENGINEERING CHEMISTRY. A Practical Treatise for the 
Use of Analytical Chemists, Engineers, Iron Masters, Iron Founders, 
Students and others. Comprising Methods of Analysis and Valuation of 
the Principal Materials used in Engineering Work, with numerous 
Analyses, Examples and Suggestions. By H. J. PHILLIPS. Third 
Edition, Revised. Crown 8vo, 420 pp., with Illustrations, cloth. 


Vet tos. 6d. 


TRADES & MANUFACTURES, THE INDUSTRIAL ALD Sp L010 Cv 0 7 


EXPLOSIVES, MODERN, A HANDBOOK ON, A Prac- 
tical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton, 
Nitro-Glycerine and other Explosive Compounds, including Collodion- 
Cotton. With Chapters on Explosives in Practical Application. By M. 
EISSLER, M.E. Second Edition, enlarged. Crown 8vo, cloth 12s. 6d. 


‘* A veritable mine of information on the subject of explosives employed for military, mining and 
blasting purposes.”—Army and Navy Gazette. 


EXPLOSIVES : NITRO-EXPLOSIVES. The _ Properties, 


Manufacture, and Analysis of Nitrated Substances, including the Ful- 
minates, Smokeless Powders, and Celluloid. By P. G. SANForD, 
F.1.C., F.C.S., Public Analyst to the Borough of Penzance. Second 
Edition, Enlarged. With Illustrations. Demy 8vo, cloth Ve 1os. 6d. 


Nitro-GLycERINE — NiTro-CELLULOSE, ETC. — Dynamite — NITRO- BENZOL, ROBURITE, 
BSLLITE, Picric Acip, eTc.—THE FULMINATES—SMOKELESS PowpERS IN GENERAL—ANALYSIS 
OF ExpLosives—FirinG Point, Heat Tests, DETERMINATION OF RELATIVE STRENGTH, ETC, 


“* One of the very few text-books in which can be found just what is wanted. Mr. Sanford goes 
steadily through the whole list of explosives commonly used ; he names any given explosives, and 
tells of what it is composed and how it is manufactured. The book is excellent.” -—Zygineer. 


FACTORY ACCOUNTS: THEIR PRINCIPLES AND PRAC- 
TICE, A Handbook for Accountants and Manufacturers, with Appen- 
dices on the Nomenclature of Machine Details, the Income Tax Acts, 
the Rating of Factories, Fire and Boiler Insurance, the Factory and 
Workshop Acts, etc., including a Glossary of Terms and a large number 
of Specimen Rulings. By EMILE GARCKE and J. M. FELLS. Fifth 
Edition, Revised and Enlarged. Demy 8vo, cloth ... re 7s. 6d. 
** A very interesting description of the requirements of factory accounts. | . . The principle 


o f assimilating the factory accounts to the general commercial books is one which we thoroughly 
agree with.””—Accountants’ Journal. 


FLOUR MANUFACTURE. A Treatise on Milling Science and 
Practice. By FRIEDRICH KICK, Imperial Regierungsrath, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition by 
H. H. P. Pow Es, A.M.Inst.C.E. 400 pp., with 28 Folding Plates, and 
167 Woodcuts. Royal 8vo, cloth be OF ree £1 55. 


“‘ This invaluable work is the standard authority on the science of milling.”—7he Miller. * 


* 


FRENCH POLISHING AND ENAMELLING, including 


numerous Recipes for making Polishes, Varnishes, Glaze-Lacquers, 
Revivers, etc. By R. BITMEAD. Crown 8vo, cloth... zs Is. 6d. 


GAS ENGINEER’S POCKET-BOOK. Comprising Tables, 


Notes and Memoranda relating to the Manufacture, Distribution and 

Use of Coal Gas and the Construction of Gas Works. By H. O’CONNOR, 

A.M.Inst.C.E. Third Edition, Revised. Crown 8vo, leather. 

[ Just published. Net ios. 6d. 

GENERAL CONSTRUCTING MEMORANDA.—GENERAL MATHEMATICAL TaBLES— 
UNLOADING MATERIALS AND STORAGE—ReETORT HousE-—CovDENSERS—BOILERS, ENGINES, 
Pumps. AND EXHAUSTERS—SCRUBBERS AND WASHERS—PURIFIERS—GASHOLDER TANKS—GAS- 
HOLDEKS—WorkKsHorp Notres—MANUFACTURING—Srorinc Matertats—Retorr House 
(WorkING)—ConDENSING Gas—EXHAUSTEES, ETC.—WASHING AND SCRUBBING—PURIFICATION 
_-GASHOLDERS (CARE oF)—DistRIBUTING GAS—TESTING—ENRICHING PRocEsses—PRopucT 
WorkKS—SUPPLEMENTARY. 

‘‘The book contains a vast amount of information.” —Gas World, 
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GAS FITTING. A Practical Handbook. By JoHN BLAck. 


Revised Edition. With 130 Illustrations. Crown 8vo, cloth 2s. Od. 


GAS WORKS, their Construction and Arrangement, and the 
Manufacture and Distribution of Coal Gas. By S. HUGHES, C.E. 


Ninth Edition. Revised by H. O’CONNOR, A.M.Inst C.E. Crown po 
Ss. 


GAS MANUFACTURE, CHEMISTRY OF. A Practical 
Manual for the use of Gas Engineers, Gas Managers, and "Students. 
By HAROLD M. ROYLE, Chief Chemical Assistant at the Beckton Gas 
Works. With Coloured Plate and numerous Illustrations. Demy 8vo, 
cloth, 344 pages ... ni ded ... [Just published. Net 12s. 6d. 


PREPARATION OF STANDARD SoLuTIONS—CoAL—FURNACES—TESTING AND REGULATION— 
Propucts oF CARBONISATION—ANALYSIS OF CRUDE Coat Gas—ANALYsis OF LimME—AMMONIA 
—ANALYSIS OF OxIDE oF [RON—NAPHTHALENS—ANALYSES OF FIRE-BRICKS AND Fire-Ciay, 
WELDvoN, AND SPENT OxtDE—PHOTOMETRY AND Gas ‘lESTING—CARBURETTED WaTxsR Gas— 
Megrropotis GAS—MIscELLANEOUS ExtTrRacts—USsEFUL TABLES, ETC. 


GOLD WORKING. JEWELLER’S ASSISTANT for Masters 
and Workmen, compiled from the Experience of Thirty Years’ Work- 
shop Practice.’ By G. E. GEE. Crown 8vo ... ane ete 7s. 6d. 


GOLDSMITH’S HANDBOOK. ‘Alloying, Melting, Reducing, 
Colouring, Collecting, and Refining. Manipulation, Recovery of Waste, 
Chemical and Physical Properties ; Solders, Enamels, and other useful 
Rules and Recipes, etc. 5 By G. E. GEE. Sixth Edition. Crown 8vo, cloth 

3s. 


GOLDSMITH’S AND SILVERSMITH’S COMPLETE 
HANDBOOK, By G. E. GEE. Crown 8vo, half-bound a 7s. 


HALL-MARKING OF JEWELLERY. Comprising an Account 
of all the different Assay Towns of the United Kingdom, with the Stamps 

, at present employed ; also the Laws relating to the Standards and Hall- 
marks at the various Assay Offices. By G. E. GEE. Crown 8vo 3s. 


HOROLOGY, MODERN, IN THEORY AND PRACTICE. 
Translated from the French of CLAUDIUS SAUNIER, ex-Director of 
the School of Horology at Macon, by JULIEN TRIPPLIN, F.R.A.S., 
Besangon Watch Manufacturer, and EDWARD R1GG, M.A., Assayer 
in the Royal Mint. With 78 Woodcuts and 22 Coloured Copper Plates. 
Second Edition. Super Royal 8vo, €2 2s. cloth ; half-calf £2 10s. 
“There is no horological work in the English availed at all to be compared to this production 


of M. Saunier's for clearness and completeness, It.is alike good as a guide for the student and as a 
reference for the experienced horologist and skilled workman.”—Horelogical Journal. 
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INTEREST CALCULATOR, Containing Tables at 1, 14, 2, 24, 
35 34s 34, 4, 44, 4%, and 5 per cent. By A. M. CAMPBELL, Author of 
“The Concise Calendar.” Crown 8vo, cloth jae ... Met 2s. 6d. 


IRON AND METAL TRADES’ COMPANION. For 
i-xpeditiously ascertaining the Value of any Goods bought or sold by 
Weight, from 15. per cwt. to 1125. per cwt., and from one farthing per 
pound to one shilling per pound. By THomas Downie. Strongly 
bound in leather, 396 pp. rie i nee we hs ee 9S. 


“A most useful set of tables. Nothing like them before existed.”—Butlding News. 


‘* Although specially adapted to the iron and metal trades, the tables will be found useful in every 
other business in which mercnandise is bought and sold by weight.”—Railway News. 


IRON-PLATE WEIGHT TABLES. For Iron Shipbuilders, 
Engineers, and Iron Merchants. Containing the Calculated Weights of 
upwards of 150,000 different sizes of Iron Plates, from 1 ft. by 6 ins. by 
Z in. to to ft. by 5 ft. by 1 in. Worked out on the basis of 40 Ibs. to the 
square foot of iron of 1 in. in thickness. By H. BURLINSON and 

_W. H. Simpson. 4to, half-bound oie oe aoe See £1 5s. 


LABOUR CONTRACTS. A Popular Handbook on the Law of 
Contracts or Works and Services. By DAVID GIBBONS. Fourth Edition 
with Appendix of Statutes by T. F. UTTLEY, Solicitor. F’cap. 8vo, cloth 


3s. 6d. 

e 7 
LAUNDRY MANAGEMENT, A Handbook for Use in Private 
and Public Laundries. Crown 8vo, cloth ... Ses ae sep 2s. 


LAW FOR MANUFACTURERS, EMPLOYERS AND 
OTHERS, ETC. See “Every Man’s OwN!LAwyver.” A Handy- 
book of the Principles of Law and Equity. Bya BARRISTER. Forty- 
fourth (1907) Edition, including the Legislation of 1906. 830 pp. Large 
Crown $vo, cloth... es yas : | Just published. Net 6s. 8d. 


SUMMARY OF CONTENTS :—Lanpiorp ano Tenant—Venpors anp Purcuasers— 
CONTRACTS AND AGREEMENTS —CONVEYANCES AND MortGaGEes--Joint-stock ComPANies— 
Parrsersuip—Suirrinc, Law—Deatincs with Moneyv—Surerisuip—CHEeQues, BILLS AND 
Nores—Bitis of SaALe—Banieurrcy —MastTers, SERVANTS AND Worxmen—InsurAnce: LIFE, 
Accipent, etc.—Corvaicut,’ Parents, Trape Marxs—Husevano ann Wie, Divorce— 
Ixvancy, Custooy or? Cuitpren—Trustees anp Executrors—Taxes ano DeatH Dutizs— 
Creucyvmesn, Docrors, anp Lawvers—Partiamentary Exvecrions—Locar GovERNMENT— 
Liget Axo SLanoer—Nuisances—Criminat Law—Game Laws, Gaminc, Innxeerers—Forms 

or Wiis, Acrzeements, Notices, ETC. 


** A useful and concise epitome of the law.” —Law Magazine. 
“ A complete digest of the most useful facts which constitute English law.”—Glose. 
** Admirably done, admirably arranged, and admirably cheap.”—Leeds Mercury. 


“4 dictionary of legal facts well put together. The book is a very useful one.””—Sfectator. 
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LEATHER MANUFACTURE. A Practical Handbook of Tan- 
ning, Currying, and Chrome Leather Dressing. By A. WATT. Fifth 


Edition, Revised and Enlarged. 8vo, cloth ue -s Vel yas. 6d. 


CHEMICAL THEORY OF THE TANNING PROCESS—THE SKIN—HIDES AND SKINS—TANNIN OR 
Tannic AcID—GALLIC ACID—GALLIC FERMENTATION—TANNING MATERIALS—ESTIMATION OF 
TANNIN—PRELIMINARY OPERATIONS—DEPILATION OR UNHAIRING SKINS AND H1pES—DELIMING 
or BaTING—TANNING BuTTs FOR SOLE LEATHER—TANNING PROCESSES—TANNING BY PRESSURE 
—Quick Tanninc—Harness LEATHER TANNING—AMERICAN TANNING—HEMLOCK TANNING— 
TANNING BY ELECTRICITY—CHEMICAL 'TANNING—MISCELLANEOUS PROCESSES—CosT OF 
AMERICAN TANNING—MANUFACTURE OF LIGHT LEATHERS—DyEInNG LEATHER—MANUFACTURE 
oF WHITE LEATHER—CHROME LEATHER MANUFACTURE—Box CALF MANUFACTURE—CHAMOIS 
or O1L LEATHER MANUFACTURF—CURRYING - MACHINERY EMPLOYED IN LEATHER MANUFAC- 
TURE—EMBossING LEATHER—FELLMONGERING—PARCHMENT, VELLUM, AND SHAGREEN—GUT 
DREsSING—GLUE BoOILING—UTILISATION OF TANNER’S WASTE. ° 


*« A sound, comprehensive treatise on tanning and its accessories.” —Chemical Review. 


LEATHER MANUFACTURE. PRACTICAL TAN- 
NING: A Handbook of Modern Processes, Receipts, and Suggestions 
for the Treatment of Hides, Skins, and Pelts of every description. By 
L. A. FLEMMING, American Tanner. 472 pp. Cloth, 8vo... Net 25s. 


MENSURATION AND GAUGING. A POCKET-BOOK 


containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, etc.. By J. B. MANT. Second Edition. 18mo 4S. 


‘* Should be in the hands of every practical brewer.” —Brewers’ Journal. 


METRIC TABLES, A SERIES OF, In which the British Standard 
Measures and Weights are compared with those of the Metric System at 
present in Use on the Continent. By C. H. DOWLING, C.E. 8vo, cloth 

Ios. 6d. 


; ‘*Mr. Dowling’s tables are well put together as a ready-reckoner for the conversion of one system 
into the other.”—A theneum. 


METROLOGY, MODERN. A Manual of the Metrical Units and 
Systems of the present Century, with an Appendix containing a proposed 
English System. By Lowis D’A. JACKSON, A.M.Inst.C.E., Author of 
“Aid to Survey Practice,” etc. Large crown 8vo, cloth ... 12s. 6d. 


NG recommend the work to all interested in the practical reform of our weights and measures.’ 
—Nature. 


MOTOR CARS FOR COMMON ROADS. By A. J. Watuis- 


TAYLER. 212 pp., with 76 Illustrations. Crown 8vo ane 4S. 6d. 


MOTOR VEHICLES FOR BUSINESS PURPOSES. A 
Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A. J. ae eee A.M. Inst.C.E. With 134 Illus- 
trations. Demy 8vo, cloth ix oe. .. Vet gs. 


RESISTANCE TO TRACTION ON ComMMON ROADS—PoWER REQUIRED FOR Moror VEHICLES— 
Light PassENGER VEHICLES—HEAvy PassENGER VEHICLES—LIGHT Goops VANsS—HEAVY 
FREIGHT VEHICLES—SELF-PROPELLED VEHICLES FOR MuNICIPAL PuRPOSES—MISCELLANEOUS 
Types oF Motor VEHICLES—CosTt OF RUNNING AND MAINTENANCE. 
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OILS AND ALLIED SUBSTANCES. AN ANALYSIS. 
By A. C. WrIGH?, M.A.Oxon., B.Sc.Lond., formerly Assistant Lecturer 
in Chemistry at the Yorkshire College, Leeds, and Lecturer in Chemistry 
at the Hull Technical School. Demy $vo, cloth... sane Net gs. 


THE OcCURRENCE AND ComposiTION OF OrLs, Fats, AND Waxrs—THE PuysicaL Pro- 
PERTIES OF Ors, FATS. AND WAXES, AND THEIR DETERMINATION—THE CHEMICAL PROPERTIES 
or Ors, Fats, AND WAXES FROM THE ANALYTICAL STANDPOINT—DETECTION AND DETERMI- 
NATION OF Non-Fattry CoONSTITUENTS—METHODS FOR ESTIMATING THE CONSTITUENTS OF 
Oirs AND Fats—DeEscriPTION AND PROPERTIES OF THE MORE IMPORTANT OILS, Fats, AND 
WAXES, WITH THE METHODS FOR THEIR INVESTIGATION -— EXAMINATION OF CERTAIN 
CoMMERCIAL Provucts. 


ORGAN BUILDING (PRACTICAL), By W.E. Dickson, M.A., 


Precentor of Ely Cathedral. Second Edition. Crown 8vo 2s. 6d. 


PAINTS, MIXED. THEIR CHEMISTRY AND TECH- 
NOLOGY. By MAXIMILIAN TocH. With 60 Photomicrographic 
Plates and other Illustrations ... ae [ Just published. Net 12s. 


THE PIGMENTS—YELLOW, BLUE, AND GREEN PIGMENTS—THE INERT FILLERS AND Ex- 
TENDERS—PAINT VEHICLES—SPECIAL PAINTS—ANALYTICAL—AFPENDIX. 


PAPER-MAKING. A Practical Manual for Paper Makers and 
Owners and Managers of Paper Mills. With Tables, Calculations, 
etc. By G. CLAPPERTON, Paper Maker. With Illustrations of Fibres 
from Microphotographs. Second Edition, Revised and Enlarged. 
Crown 8vo, cloth ... Pv gat pe [ Just published. Net 5s. 


CHEMICAL AND PuysicaAL CHARACTERISTICS OF VARIOUS FIBRES—CUTTING AND BOILING OF 
Racs—JuTse BoILING AND BLEACHING—WET PICKING—WASHING, BREAKING, AND BLEACHING— 
ELECTROLYTIC BLEACHING—ANTICHLOR—CELLULOSE FROM WooD—MECHANICAL Woop PuLp— 
EsPARTO AND STRAW—BEATING—LOADING—STARCHING—COLOURING MATTER—RESIN, SIZE, AND 
S1zING—THE FourDRINIER MACHINE AND ITS MANAGEMENT—ANIMAL SIzING— DrvING— GLAZING 
AND BuRNISHING—CuTTING, FINISHING—MICROSCOPICAL EXAMINATION OF PAPER—TESTS FOR 
INGREDIENTS OF PAPER—RECOVERY OF SODA—TESTING OF CHEMICALS—TESTING WATER FOR 
IMPURITIES. 

‘‘The author caters for the requirements of responsible mill hands, apprentices, etc., whilst his 
manual will be found of great service to students of technology, as well as to veteran papermakers 


and mill owners. The illustrations form an excellent feature.”—7The World's Paper Trade. : 
: 


PAPER-MAKING. A Practical Handbook of the Manufacture 
of Paper from Rags, Esparto, Straw, and other Fibrous Materials. 
Including the Manufacture of Pulp from, Wood Fibre, with a Description 
of the Machinery and Appliances used. To which are added Details 
of Processes for Recovering Soda from Waste Liquors. By A. WATT. 
With Illustrations. Crown 8vo... ve us dks res 7s. 6d. 
CELLULOSE—MATERIALS USED IN PAPER-MAKING—TREATMENT OF RacGs, Esparto, Woop, 

AND VARIOUS FIBRES—BLEACHING OR REFINING—LOADING—SIZING—COLOURING—MAKING PAPER 

By Hanp AND MACHINERY—CALENDERING, CUTTING, AND FINISHING—COLOURED PAprpERS—MISs- 

CELLANEOUS PapERS—MACHINERY USED IN PAPER-MAKING—RECOVERY OF SODA FROM SPENT 


LiqguorS—DETERMINING THE REAL VALUE OR PERCENTAGE OF COMMERCIAL SODAS, CHLORIDE OF 
Lime, Erc.—UsEFuL Notes anp TasLes—List or Works RELATING TO PAPER MANUFACTURE, 


It may be regarded as the standard work on the subject. The book is full of valuable informa- 
tion. ‘The Art of Paper-Making’ is in every respect a model of a text-book, either for a technical 
class or for the private student.’’—Pafer and Printing Trades Journal. 
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PAPER-MAKING, CHAPTERS ON. A Series of Volumes dealing 
in a practical manner with all the leading questions in connection with 
the Chemistry of Paper-Making and the Manufacture of Paper. By 
CLAYTON. BEADLE, Lecturer on Paper-Making before the Society of 
Arts, 1898 and 1902, and at the Battersea Polytechnic Institute, 1902, 
etc., etc. Each volume is published separately, at the price of 5S. me/ 
per vol. 

Volume I. comprises a Series of Lectures delivered on behalf of 


the Battersea Polytechnic Institute in 1902. Crown 8vo. 
[Just published. Net §s. 


CONTENTS :—ExaMINATION OF Fiprous Raw MATERIALS FOR PAPER-MAKING— ART PAPERS 

AS APPLIED TO Process PRINTING—BLEACHING—CHEMISTRY OF BLEACHING—THE INFLUENCE OF 

MoisturE oN PapeErR—CHEMICAL RESIDUES IN PAPER—THE FUNCTION OF WATER IN THE FORMA- 

! TION OF A WEB OF, PAPER—THE PERMANENCE OF PAPER—SUNDRY PHysicAL QUALITIES OF 
PAPER. : 


Volume II. comprises Answers to Questions on Paper-Making 
Set by the Examiners to the City and Guilds of London Institute, 
I901I-1903. Crown 8vo ... nh [ Just published. Net 5s. 


CONTENTS :—TecunicaLt EpucaTion as AppLIED TO PapER-MAKING—THE* USE OF 
SPECIALLY PREPARED SIZE IN Dry SHEETS FOR PapER SIZING—ANSWERS TO ORDINARY AND 
Honours GRADE EXAMINATION PAPERS, 1901-1903, DEALING WITH SUCH SUBJECTS AS MEASURING 
THICKNESS OF PapERS—INSTRUCTION TO BEATER MEN—ESTIMATION OF DIFFERENT FIBRES— 
Waste Propucts— MANUFACTURE OF ES WRITINGS—TREATMENT OF SPANISH EspaRTO—Manvu- 
FACTURE OF ArT Paprrs—RaG BoiLinc—LoapiNG—COLOURING—PERMANGANATE BLEACHING 
Sopa RECOVERING—CHROMO PapER—ELEcTRIC Drivinc in MiILLS—CLASSIFICATION OF RAW 
MATERIALS—FoRCED DRAUGHT—MECHANICAL STOKING, ETC., ETC. 


Volumes III. and IV. are now ready, and embrace upwards of 
thirty leading practical questions in connection with the Manu- 
facture of Paper, and the opinions and answers to these questions 
by more than fifty members of the paper trade occupying positions 
as Mill Managers, Machine-men, Beater-men, etc. Against each 
of these answers are to be found the author’s comments and 
criticisms, the whole with Index forming useful book of reference. 


Volume III. discusses the following questions :— 


“Brass” AnD ‘'STEEL”? BEATER BARS—THE SIZE AND SPEED OF BEATER ROLLS—THE 
FapvING oF Prusstan BLUE ParExs—THE EFFECT oF LOWERING THE “ Brest” Rott—THE 
rrect of ‘‘ LOADING” ON THE TRANSPARENCY OF PAPER—‘S TERRA ALBA” AS A LOADING FOR 
ParER—THE USE oF ALUM IN Tus S1ZEING—THE INFLUENCE OF TEMPERATURE IN BLEACHING— 
THE UsE oF “REFINING” ENGINE—AGITATION AS AN AUXILIARY TO BLEACHING—THE HEATING 
OF STUFF FOR THE PARER MacHInE— THE CoMPARATIVE MERITS OF SoDA RECOVERY PRrocEssES— 
THE ELECTRIFICATION OF PAPER ON THE MACHINE—THE COMPARATIVE TRANSPARENCY OF 
Parers—TuHE ‘‘ LIFE”? oF MACHINE WIRES—THE ACTION OF EDGE-RUNNERS—THE BULKING 


OF PAPERS. 
Crown 8vo ... [Just published. Net 5s. 


Volume IV. comprises the following :— 


- 


SPECIAL QUALITIES OF “ART” Papers— THE “AGEING” oF PApERS—THE Use oF Lime IN 
BoILInG—CoNnTROLLING THE MARK OF THE “‘ DANDY’’?—THE COMPARATIVE Merits oF “ Ma- 
CHINE” AND ‘“‘Hanp”? Cur RaGs—THE CausE OF FROTH ON THE MACHINE AND HARM 
RESULTING THEREFROM—THE.AMOUNT OF WATER REQUIRED IN THE PRODUCTION OF DIFFERENT 
Kinps oF ParpER—THE MANAGEMENT OF SUCTION-BOXES—THE CONTROL OF SHRINKAGE OF 
Papers ON THE MacHine—How to Make PAPER THAT DOES NOT SHRINK OR EXPAND WITH 
ATMOSPHERIC INFLUENCES—How To MAKE PAPER THAT DOES NOT STRETCH WHEN TESTING FOR 
STRENGTH—GENERAL CONSIDERATIONS OF THE FOREGOING QUESTIONS—USE oF DIFFERENT 


PAPER TESTING MACHINES. 
Crown 8vo ... [Just published. Net 5s, 
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PARA RUBBER. ITS CULTIVATION AND PREPARATION, 
By Wa°H. JOHNSON, F:L.S., F.R.H.S:, Director of Agriculture, 
Gold Coast Colony, West Africa, Commissioned by Government in 1go2 
to visit Ceylon to Study the Methods employed there in the Cultivation 
and Preparation of Para Rubber and other Agricultural Staples for 
Market, with a view to Introduce them into West Africa. Demy 8vo, cloth 

Net 7s. 6d. 
THE Para Russer TrEE (Hevea brasiliensis) at HomE ano ABroap—CuLTIvATION— 

PROPAGATION—SITE FOR PLANTATION—DISTANCE APART TO PLANT THE TREES—TRANSPLANT- 

ING—CULTIVATION—INsSEcT Pests AND FunGoip DiskasSES—COLLECTING THE RuBBER — 

Various MErHops—TappING—FLow or LATEX INCREASED BY WOUNDING THE TREE—How 

TO ‘larp—THE PREPARATION OF RUBBER FROM THE LATEX—VaRIOUS METHODS—ScrRAP RUBBER— 


YIELD FROM CULTIVATED TREES—ESTABLISHMENT AND MAINTENANCE OF A Para RUBBER 
PLANTATION—COMMERCIAL VALUE OF THE OIL IN HEVEA SkEDS. 


PASTRYCOOK AND CONFECTIONER’S GUIDE. For 


Hotels, Restaurants, and the Trade in General, adapted also for Family 
Use. By R. WELLS, Author of “The Bread and Biscuit Baker ” Is. 


PETROLEUM. THE OIL FIELDS OF RUSSIA AND THE 
RUSSIAN PETROLEUM INDUSTRY. A Practical Handbook on 
the Exploration, Exploitation, and Management of Russian Oil Pro- 
perties, the Origin of Petroleum in Russia, the Theory and Practice of 
Liquid Fuel, and a Translation of the Rules and Regulations concerning 
Russian Oil Properties. By A. B. THOMPSON, A.M.I.M.E. 500 pp., 
with numerous Illustrations and Photographic Plates, and a. Map of 
the Balakhany-Saboontchy-Romany Oil Field. Super-royal 8vo, cloth 

Net £3 33. 
** A careful and comprehensive study of the conditions of the industry. The work is very 


valuable and should undoubtedly be the standard authority on Baku for some time to come.’’— 
Mining Journal. 


PIGMENTS. AN ARTISTS’ MANUAL, Showing their Composition, 
Conditions of Permanency, Non-Permanency, and Adulterations, etc., 
with Tests of Purity. By H.C. SranpaGe. Third Edition. Crown 
$vo,. cloth. .... ves i. vial ~ fos hay 2s. 6d. 


RECIPES, FORMULAS AND PROCESSES, TWEN- 
TIETH CENTURY BOOK OF. Edited by GARDNER D. HIScox, 
M.E. Nearly 10,000 Scientific, Chemical, Technical and Household 
Recipes, Formulas and Processes for Use in the Laboratory and the 
Office, the Workshop and the Home. Medium 8vo, 800 pp., cloth 

[ Just published. Net 12s. 6d. 


SELECTED List oF CONTENTs. — ABSINTHE— ACID PROOFING — ADHESIVES—ALCOHOL— 
ALKALI — ALLoYS — ALUMINIUM — AMMONIA — ANILINE— ANTIDOTES FOR Poison — ANCHOVY 
PREPARATIONS — ANTISEPTICS — ANTIQUES — BAKING POWDERS — BAROMETERS — BEVERAGES— 
BLEACHING — Brass — Brick —CarsoLic Acips — CasTING—CELLULOID—CHEESE—CERAMICS— 
C1GARS—CoFFEE—CONDIMENTS—CoPpPER-—COSMETICS—CoTTON—DIAMOND TrEsTs—DONARITE— 
Dvyes—ELEctro PLATINGC—EMBALMING—ENAMELLING—ENGRAVING—ESSENCES—EXPLOSIVES— 
FERTILISERS — FILTERS — Foop ADULTERANTS — GELATINE —GLass—GoL_p—Gums — HARNESS 
DressiIncs—Horn—INKS—INSECTICIDES—IRON—IVORY—JEWELLERS FormMuLAS — LACQUERS— 
LAUNDRY PREPARATIONS — LEATHER — LINOLEUM — LuBRICANTS—MATCHES—METALS—MuSIC 
Boxes—O1_s—Paints—PAPER—PERFUMES—PETROLEUM—PHOTOGRAPHY—PLASTER—PLATING— 
PoLisHES—PORCELAIN—POULTRY—PuTTY—Rat Po1soNS—REFRIGERATION—ROPES—RUBBER— 
Rust PREVENTIVES—SALT—SCREWS—SILK—SILVER—SOA PS—SOLDERS—SPIRIT—SPONGES—STEEL 
— Stone — THERMOMETERS — TIN — VALVES — VARNISHES—VETERINARY FoORMULAS—WATCH® 
MAKERS’ FORMULAS—WATERPROOFING—WAX—WEIGHTS AND MEASURES—WHITEWASH—WoOoD 
—YEAST. 


.* 
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RUBBER HAND STAMPS. And the Manipulation of Rubber. 
A Practical Treatise on the Manufacture of Indiarubber Hand Stamps, 
Small Articles of Indiarubber, The Hektograph, Special Inks, Cements, 
and Allied Subjects. By T. O’CONOR en A.M., Ph.D. W ith 
numerous Illustrations. Square 8vo, cloth.. mrs = » gia 


SAVOURIES AND SWEETS. Suitable for Luncheons and 
Dinners. By Miss M. L. ALLEN (Mrs. A. MACAIRE), Author of 


“Breakfast Dishes,” etc. Thirtieth Edition. F’cap 8vo, sewed Is. 
SEWING MACHINERY. be ete ee mere, Adjumj , ete. 
By J. W. URQUHART. Crown 8yvo ... —— 28 


SHEET METAL-WORKER’S GUIDE. A Practical Handbook 
for Tinsmiths, Coppersmiths, Zincworkers, etc., with 46 Diagrams and 
Working Patterns. By W. J. E. CRANE. Crown 8vo, cloth Is. Od. 


SHEET METAL WORKER’S INSTRUCTOR. Comprising 
Geometrical Problems and Practical Rules for Describing the Various 
Patterns required by Zinc, Sheet-lron, Copper, and Tin-Plate Workers. 
By R.H. Warn. New Edition, Revised and Enlarged, by J. G. HORNER, 
A.M.I.M.E. Crown 8vo, 254 pp., with 430 Illustrations, ‘cloth 7s. Od. 


SILVERSMITH’S HANDBOOK. Alloying and Working of 
Silver, Refining and Melting, Solders, Imitation Alloys, Manipulation, 
Preverition of W aste, Improving and Finishing the Surface of the Work, 
etc. By GEORGE E. GEE. Fourth Edition, Revised. Crown 8vo, cloth 35. 


SOAP-MAKING. A Practical Handbook of the Manufacture of 
Hard and Soft Soaps, Toilet Soaps, etc. With a Chapter on the Re- 
covery of Glycerine from Waste Leys. By ALEXANDER WATT. Seventh 
Edition, including an aa on Modern Candlemaking. Crown 8vo 
cloth aa: Pohl ah Ateet ote, Ceca ieee ee an 


‘The work will prove very useful, not merely to the technological student, but to the practical 
soap boiler who wishes to understand the theory of his art.” —Cheamcal News. 


SOAPS, CANDLES AND GLYCERINE. A Practical Manual 
of Modern Methods of Utilisation of Fats and Oils in the Manufacture 
of Soap and Candles, and of the Recovery of Glycerine. By L. L. LAm- 
BORN, Massachusetts Institute of ae M.Am.C.S. Medium 
Svo, cloth. Fully illustrated. 706 pp. ie ae Net, 30s. 

‘ THE Soap InpustrY—Raw MAatvERIALS—BLEACHING AND PvuRIFICATION OF Soap- Ps RS 

THE CHEMICAL CHARACTERISTICS OF SoaP-STOCK AND THEIR BEHAVIOUR TOWARDS SaPpontr- 

FYING AGENTS—M ECHANICAL EQUIVALENT OF THE Soar Facrory—Coip Process anp SEMI- 

BoILED Soap—GRAINED SOAP—SETTLED Rosin Soar—Moiiiep Soap-BassE—FLoatinG Soap 

—SHAVING SoAP—MEDICATED Soap—EssEnTIAL O1_s AND Soap PERFUMERY—MILLED Soar— 

CANDLES—GLYCERINE—EXAMINATION OF Raw MaTerRIALs AND Facrory Propvucrs. : 


SOLUBILITIES OF INORGANIC AND ORGANIC 
SUBSTANCES, A Hand-book of the most Reliable Quantitative 
Solubility Determinations. Recalculated and Compiled by ATHERTON 
‘SEIDELL, Ph.D., Chemist, Hygienic Laboratory, U.S., Public Health 
Service, W ashington, D.C. Medium 8y 0, 370 pages. 

[ Just published. Net 12s. 6d, 


TRADES & MANUFACTURES, THE INDUSTRIAL ARTS, ETC. 15 


TEA MACHINERY AND TEA FACTORIES. Describing 
the Mechanical Appliances required in the Cultivation and Preparation 
of Tea for the Market. By A. J. WALLIS-TAYLER, A.M.Inst.C.E. 
Medium 8vo, 468 pp. With 218 Illustrations et he Net 25s. 


** The subject of tea machinery is now one of the first interest to a large class of people to whom 
_we strongly commend the volume.” —Chamber of Commerce Fournad. 


WAGES TABLES. At 54, 52, 50, and 48 Hours per Week. 
Showing the Amounts of Wages from one-quarter of an hour to sixty-four 
hours, in each case at Rates of Wages advancing by One Shilling from 
4S. 55s. per week. By THos. CARBUTT, Accountant. Square crown 
8vo, half-bound ... + xt eve ve vs or: nan 6s. 


WATCH REPAIRING, CLEANING, AND ADJUSTING, A 
Practical Handbook dealing with the Materials and Tools used, and 
the Methods of Repairing, Cleaning, Altering, and Adjusting all kinds 
of English and Foreign Watches, Repeaters, Chronographs, and Marine 
Chronometers. By F. J. GARRARD, Springer and Adjuster of Marine 
Chronometers and Deck Watches for the Admiralty. With over 
200 Illustrations. Crown 8vo, cloth ae Net 4s. 6d. 


WATCHES & OTHER TIME-KEEPERS, HISTORY OF. 
By J. F. KENDAL, M.B.H.Inst. ... 1s. 6d. boards ; or cloth, 2s. 6d. 


WATCHMAKER’S HANDBOOK, Intended as a Workshop 
Companion for those engaged in Watchmaking and the Allied Mechanical 
Arts. Translated from the French of CLAUDIUS SAUNIER, and enlarged 
by JULIEN TRIPPLIN, F.R.A.S., and EDWARD RIGG, M.A., Assayer in 
the Royal Mint. Fourth Edition. Crown 8vo, cloth... ai Os. 


‘*Each part is truly a treatise in itself, The arrangement is good and the language is clear 
and concise. It is an admirable guide for the young watchmaker.”’—Azgineering. 


WEIGHT CALCULATOR. Being a Series of Tables upon 
a New and Comprehensive Plan, exhibiting at one Reference the 
Exact Value of any Weight from 1 lb. to 15 tons, at 300 Progressive 
Rates, from 1d. to 168s. per cwt., and containing 186,000 Direct Answers, 
which, with their Combinations, consisting of a single addition (mostly to 
be performed at sight), will afford an aggregate of 10,266,000 Answers; the 
whole being calculated and designed to ensure correctness and promote 
despatch. By HENRY HARBEN, Accountant. Sixth edition, carefully 
Corrected. Royal 8vo, strongly half-bound ... se Aid £1 55. 


‘* 4 practical and useful work of reference for men of business generally.” —/von monger. 
** Of priceless value to business men.””—Shefield Independent. 


WOOD ENGRAVING. A Practical and Easy Introduction to 
‘the Study of the Art. By W. N. BRowNn. Crown 8vo, cloth. 1s. 6d. 
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HANDYBOOKS FOR HANDICRAFTS. 


By Pau N. HasLuck. 
Author of “ Lathe Work,” etc. Crown 8vo, 144 pp., 1s. each. 

v™- These Handybooks have been written to supply information for 
Workmen, Students, and Amateurs in the several Handicrafts, on the 
actual practice of the Workshop, and are intended to convey in plain 
language Technical Knowledge of the several Crafts. In describing the 
processes employed, and the manipulation of material, workshop terms are 
used, workshop practice is fully explained, and the text is freely illustrated 
with drawings of modern tools, appliances, and processes. 


METAL TURNER’S HANDYBOOK. A Practical Manua 
for Workers at the Foot-Lathe. With Ioo Illustrations ... ee Is. 
‘The book displays thorough knowledge of the subject.” —Scotsman. 


WOOD TURNER’S HANDYBOOK. A Practical Manual for 
Workers at the Lathe. With too Illustrations... = ye Is. 
‘© We recommend the book to young turners and amateurs.” —Meckhanical World. 


WATCH JOBBER’S HANDYBOOK. A’ Practical Manual 
of Cleaning, Repairing, and Adjusting. With 1oo Illustrations ... Is. 


“¢ All connected with the trade should acquire and study this work.”’—Clerkenwell Chronicle. 


PATTERN MAKER’S HANDYBOOK. A Practical Manual 
on the Construction of Patterns. With 1oo Illustrations ae Is. 
‘‘A most valuable, if not indispensable, manual for the pattern maker.” —Know/edge. 


MECHANIC’S WORKSHOP HANDYBOOK. A Practical 
Manual on Mechanical Manipulation, embracing Information on various 
Handicraft Processes, with Useful Notes and Miscellaneous Memoranda. 
Comprising about 200 subjects ms ers Mog ae ne Is. 
“‘ Should be found in every workshop, and in all technical schools.” —Saturday Review. 


MODEL ENGINEER’S HANDYBOOK. A Practical Manual 
on the Construction of Model Steam Engines. With upwards of 100 
Illustrations Aa Jie vai ae st - ; Is. 
**Mr. Hasluck has produced a very good little book.”—Builder. 


CLOCK JOBBER’S HANDYBOOK. A Practical Manual on 
Cleaning, Repairing, and Adjusting. With 100 Illustrations... Is. 


“Tt is of inestimable service to those commencing the trade.”—Coventry Standard. 


CABINET WORKER’S HANDYBOOK. A Practical Manual 


on the Tools, Materials, Appliances, and Processes’ employed in Cabinet 
Work. With upwards of too Illustrations ... —- ne a Is. 
“‘ Amongst the most practical guides for beginners in cabinet work.’’—Saturday Review. 


WOODWORKER’S HANDYBOOK. Embracing Information 


on the Tools, Materials, Appliances, and Processes Employed in Wood- 
working. With 104 Illustrations Is. 


‘Written by a man who knows not only how work ought to be done, but how to do it and how to 
convey his knowledge to others.” —Engineering. 
*“Mr. Hasluck writes admirably, and gives complete instructions.”— Engineer. 

_ “Mr. Hasluck combines the experience ofa practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuals are marvels of what can 
be produced at a popular price.’’"—Schoolmaster. 

“* Helpful to workmen of all ages and degrees of experience.” —Dazly Chronicde. 
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